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()RR BEIRZER  REEE  KNBZ 1 — BHY
FoR s — o SRR o ELESE > BR > ERABEE s RELNE
(M-olasses) 7 £ o RIS TRZRAD » AR SEHZ R4 -
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FEEE > FTHE |
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() FHAHEE (RSB SRR BT 2B ) o
$h3r3E H (Baix) jH69,20 k¥ (Polar Zatiom)41 80
#izp(Purity), 60,40 7 j(Reaction) 4%

(D) HEME (WM B AR > SIS

> )
T E 69.60  FENIE 133,60
i ’ 4828  #i{LHi(Invert Sugar)11,579
% R '

RS - BEFZEMER DR SRR AR > 1
KAWRS 0 o

() TRERE AR T » SRR > BUS o A A
B /13007 (ST 182 L itres, ) W {96 97 VRIS T » 250K (S HB0RH ARG o
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(a)AE N/ 1, Molasses storage tank) 3R MR JE 2 K08
B » SR Litres o 45 0 A » SEMHAE o B ARSI ME KHE -
BB o |

(b) i &5 J2 48 (Molasses Measuring tank) —{F » 45 @507 »
BB —HEE > RN EEAR o

()3 B (Steriliser) = > RS0 - WARRITE » BIE
RECURS » G > R RB I o

(R ER % 4718 (Sterilised and Diluted Molasses Storage
tank) — [ » 4 R50% » EHMREREXZRHRHEE -

(€)% HIA43 517 525 (Sakata's special comdenser) — 7 » F fj 45
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SERAK - BRI » BB R - DREN o IR S S
2 BHE » W DA » BIIEE o |

(£)i§5H (Mother yeast tank) WHE » FEAETE » LLmAER
Mo | '

() BNEH (Fermentation tank,) SR WHEW =1 » 0 F i —
BB > DB R%SOR » RTMEER Y » RIS RV K5 R
WA= o SET AL » S BERA o FAUTHIUE (8556~
TR 5 ) BB > LSV LI A R AT - SRR 5 B
RAES A AR ELUE o

(h) 74 ( Distilling apparatus,) B%ME iEHe (187548 Guilla-
ume) RAERHELEE TS » R 2k > RIP96% » T (Fusel o-
ils) RIS (Aldehydes) %47 ERA » 2R o MERIENZE >
NI > RIS (8 » 3-4H 6% » BREMEY > 59— B8 6 > F G TR
EE 2R  EEEEERTS > B8 AR CHREX > BHLZEER
HAHET R % » RREERARE - A 840G > BNeAS
¥ > SERZME » RGBT LA - 05 TRRBZE o HAKIS (
Iiges) M2 B3 » P9 ATIETE » BEIAVEME » T ULSE o

(1)ii#472 85 (Alcohal Receiver) =i » ¥ BB EEIAR » AR
#20F 0 |

() 3Bk (Beiler) p- @ %44 (Tancashire Boiler) — gt » 6'x 29,
» £ 11 HLKI6 > |

(k) FATTH (Steane Engine) ; i SR FRFM (Vertical steam,
Engine) — K » {5 2EH8 i 2 B3 A KR M 2 ] o
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(1) FEEE(Can)  SLARE 6 S0 ST - DL dpal > LABE YRS o
(=) Elif5 %5 (Pure culture Apparatus) 2 SAEHBLR o
JESt Ak i (Water tank) R Wd (Pump) » Kigilo
e A T
C ERAEEOER) AERAE REIEE DR BEREE
Bt WIAAME W NS WTH ZEBNAE AE
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(FiE2) DRkl > Bl B R o SR e RS (
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B O R » BBEE AN 28 LBk Diastase 7 RERAE » B HHL)
BT - RTMIRMRSY - 110 H AR (5 1)04) » BREX
AASERAS » — IR 0 BRI > ARSI o
(E)BEFH
(a) HIEWEZIRE BRHE > ARBRERZ I 0 By
BBABY » HEEES AW (Invert sugar) HyiREsBES M HIk
b > BERIREE L E o WER M » RS HENERERPR i
RE) ENTTECRRREZ HI% o
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BERERE - WA BRI R E - RENEEBC ) EVPE
» IR EARSIS A - BNEHE R > DIBEA > % 55EH KL
HIu& > MUK 60 Brix 2 @ » SEENE 100°C » 49— AFEZA >
REIARE K » ERN BITZRL o Wk TRIEM > RRE » BA
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b &A R > WRREEE » S EEBRDR o |

TN R R > RN T » TLBRNR A LBk
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#rRRE) HHRE > MERH o
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EAZ+4HH

B 3
19 8 1°Brix
20 8. 0°Brix
21 7.95°Brix
22 7.90°Brix
23 7.75°Brix
24 7.50°Brix
B Pty o s

B =33
1 7.20°Brix
2 7.10°Brix

3 6, 90°Brix

RE

30 5°
30 8°¢
30.8%
30.9°¢
31,0°%
31.0°

b=y
31.2°¢
31.8%

32,.0°

BREE

1.4
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AA=T4LH

4 6 ,8°Brix 32,0 —
5 6,65°Brix 32 ,0°c —
6 6.5°Brix 32,0°c 1.4
7 6.35°Brix 32 ,0% —_—
8 6_25°Brix 32.0°¢c —_—
9 6 ,20°Brix 32 1°c 1.45
10 6 _10°Brix 32 2% ——
11 6,10°Brix 32.3% —_—
12 6 00°Brix 32 4°¢ 1.45
13 5 80°Brix  32_6°C ——
14 5,70°Brix 32 .7° —
15 5.50°Brix 32,9 —
16 5,30°Brix 32 9% 1.45
17 5.00°Brix 32 9°c e
18 4 75°Brix 32 9°¢c —
19 4 45°Brix 33 2% —
MR E6.2%
20 4 10°Brix 33 2°¢ 1,50
| 21 4 00°Brix 33 3% ——
22 3 90°Brix 33 40 —_—
23 3.70°Brix 33 5°CimM &} f§——
24 3.55°Brix 33 5% 1,60
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Wy BRE TREE MK
1 3 .35°Brix 33 5° —_—
2 3_.25°Brix 33.5% —
3 3,15°Brix 33 5% —_—
4 3.10°Brix 33 .5%% 1.60
5 3.00°Brix 33.5% —
6 2 .80°Brix 33 .5°% —
7 2 75°Brix 33 5% —
8 2 .70°Brix 33 .5°c 1.60
9 2 _60°Brix 33 .5°% e
10 2 50°Brix 33.5% ———
11 2 45°Brix 33 5° -
12 2 40°Brix 33.5° —
13 2,30°Brix 33 .5°% 1,60
14 2,30°Brix 33.5% _—
15 2.25°Brix 33 5° —
16 2.25°Brix 33 4°c —— (IR 5T BF)
17 2,20°Brix 33 .2°c — 3 R TR
18 2_20°Brix 33 2% S
19 2 ,20°Brix 33 _.0°%¢ 1.60
20 2 20°Brix 32 9% e
21 2 ,20°Brix 32,9% ——
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22 2 20°Brir 32 7°¢ 1.60
BB & &=7.45%
B LF > BRI o B = AT USRS WS » 18 R IR
o BH A ZAK H S0 (GRS AR RIS B 28k (33,50
) o R ASHITSHBe FHAS L ATEMRE R854
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FHEMZ o |
(c) BEMEMHEZEY HEHES RN 76 B kil o &5
BHE > MIERRMEWE 0 THRRR o | )
1L #RRIRE  EBEREZRE > UGB o RITE 5 R
ARY  WHABEM » BB LNE S 5 WEEZEE - W
IS Z Ml & i » B EA-F B EA 00 - RIS M A
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2EMBZIRE BESEMTATEZRE  WEEZHER (N-
on-Sugar) 4 RSE o RATH EHE ERE RIS ZREB2-5Brixo
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s B EREE 0.3 - B LA PHREILAR o
4GRIE WRBZEE > DESD > WERS 28 ERBZE
REE B » B30°c > MRYIFRE LA > A BHEE » BEMBZ
B > RERB35°C > DRRREEZ R M o MELERE  AERZBIE
WA E430C ; R HHEIC > WK R LHTRDE o
S. MM MNBE-R AR DABRNFIEEL » NES
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SHEZH » BEETES o U RE BB » WEEW T > ISR
FHERR o

6. AR MMEZERAR  BIEZ AR o REH10
% > RAEHE% (LR RID) |

(B RER

1EE SRRENTRS > BAKSR LN RREZE
R > U > (L& BAMED » TI—ANEZ o BBTE > THEE -
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H=o

2 G VRS AL RS > B TR » BRI S % »
SRBATIE K > 3B o AR DEIPESE RS » MIRRRER At IE > B
SRR BUR L ERRRIEI - Sk BELACRIL 1 o BT
O S 2RSS K BN » BTS2 USRS » BRI » AR
EIZEH » KB ER o KEBRIZE » EREF |

AR 0

SRRBHREARPREREA TR )

HOF R OB OB B HEE %)

HEhE 1330_8 80.0 61_4 76 78
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SRR Z,261.9 55.9 13 8 78 35
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The %ifect of Heat Treatment ugon the Brafving
Fropecties of Stee! Wires.

EARPHFLHEPIEE » FEMF  BORK » BTBIEERWZ o
8 A=
The Theory of Wire-drawing

Im theory all that happems to a piece of wire im drawing is
that its length is imcreased and its diameter is decreased by stretc-
hing, Inthe case of a soft wire, it is possible to reduce its diame-
ter and increase its lemgth by simply stretching it with its one end
fixed amd pulling at the other, Im that kind of stretching, howe -
ver, we do mot have amy increase im its temsile stremgth, as there
in no such circumferemtial compression as is produced in drawing
a wire through a die,

The problem of wire-drawing is really ome of flow of metal
through a reducing orifice amd math:ematica] formulas for total
pulling force P amd total circcumferential pressure R exerted om the
walls of the die may be deduced om this assumption, In order to
get some gemeral idea of the maéﬁitude of P and R, let us take, as
an illustration,the case of drawing a No_ 5 gauge rod of 109 C,
steel to No, 8 gauge, In this case, P is equal to 1500 Ib, while the

circumferential pressure R on the shoulder of the die equals 63
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tons per sq, in, of curved surface,

In comsiderimg the problem, a umit volume of material is takem,
represented by the trumcated come ga, bb, im Fig, 1° The actual
work dome by P in dra-
wing the wire through
the die equals 359 ft -
Ib, Theoretically, a to-
tal of 24 6 ft -ib, onrly is

required to effect the re-

duction of the uait volu-

me; 15 ft_-Ib_ being ex-

pended in compression and

vﬁ 9.6 ft,-lb, im stretching,
Fig /

amounts to 11,3 ft -Ib,, or 31 ,49; of the total, The total pull

Therefore, the work lost

in overcoming frictiom

may with safety be allowed to amoumt to 75¢4, of the breaking
strength, With the emormous pressure of 63 toms per sq, i,
it is evident that some form of lubricant should be used, Im
fact, a large part of the success in drawing depemds upom use of
proper lubricants,

For the correct drawimg of wire, it is absolutely mecessary that
the metal should pass through the draw-plate with evenm limes of



32 o Bt

flow, For instance, all the points in a plame section “aa’ should
still remain in a plame sectiom after passing through the die, such
as “bb?’ im Fig, 2, If the core lags behind, as shown in Fig, 3, or
if the skim lags behind, as shown in Fig 4, the wire will be spoi-

led, The commonest defect comes under the second case, giving

the well-knowm phen-

;. < . 6
a5 “cuppiness’’
5 5 omena of “cuppiness

F,{g,' Z in wire, which means

. & » that the core is actu-
e =

¢ - s ally fractured, before

< F}g 3. any sign of failure is

visible omn the skin, and

which, of course, cau-

ses extreme brittleness,
Any defect in steel or in method of mamufacturing which causes
'uneven flow of metal through the die will cause “cuppimess’’, a
common case beimg that due to a hard core of segregated high
carbon content,

The critical part of a wire-drawing machine is the die and
npon its prober design and maintemance the success of the draw
depends, By improving the shape of the die hole, we may ofitea
save a great deal of power, Unmfortumately, there are mo set rules

for its desigm, though the laws of flow through a reducing orifice
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is well established, Thus, one manufacturer will say that the re-
duction of the area of the wire in drawing by 1,5 is the best;
while another will claimm an elomgation of 509 im owpe pass, The
truth seems to be that the shape also depends upon whether hard
or soft steel is to be drawn _

In England, dies are gemerally made of steel, although cast
iron is sometimes used in drawing copper, and diamond dies are
employed in drawing long lengths of fine wirse im coatinuous ma-
chines, But in America, chilled éast iron piates are very oftemn used
for the heavier sizes of wire, For the heavy work of “breaking
down”, the die plate has usually from a dozem to 18 holes, which
are of the same size and used in turnm, as they wear out,

Up to the last tem years, the drawplates were ali made of
simple carbon steel coatainiag about 1,69 C, but. very hard. diés
have now been used coataining up to as much as 134, of chrom-
ium, These dies give good results in practice, wearing very siowly,
if at all, But some wire-drawers prefer the old type of dies for
certain kind of work, for the die hole will“give™a Iitile, and the
wire will not draw so “harshly”

The proper shape of the hole for a “breaking down” die is
shown in Fig 5, Jt has two distinct zomes, a comparatively short
tapered sectiom, in which the actual drawing is done, and a bell

mouth leadiag up to it, The importaat poiat is that the bell
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mouth should have a well

-rounded approach to

the taper, so that its
walls are quite clear of

the entering wire, With-

out this precaution, there

is liability for the metal

F/9 b)

forward by the wire, and piled .up im the throat, the hole being

of the die to be drawn

“pulled out”, Thus, the opening becomes too small and the wireis
scrapped, The same defect may be produced, if the wire is not
thoroughly jubricated,

The reason for the peculiar shape of the die hole may be
found in the material used in the die, mamely, plain carbon steel
containing 1.5 ;0 294 C,, and the method of hardeming it, Owing
to the impossibility of =eaintaining the size of the hole in heat-
treatment, the metal around the hole is hardened by hammering,
called “battering”, This work-hacrdening caa obviously be made to
penetrate only a [imited distance below the surface of the die, and
this is the reasom why the bell mouth must be cleared well back
from the bearing part of the hole, which is of a depth correspo-
nding to the thickmess of the hardemed metal, After hardening,

the hole is brought to the exact size by ixeans of a punch, which
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further hardems the metal around the hoie,
The speed at which the wire passes through the die depends
upon the hardaess of the wire aad its diameter, The most ecomo-

mical speed for a particular kind of wire has to be determined

experimentally,

Formulars Showing Approximately the Relatior betweem Qu-

antities [avolved in Wire-drawing,

Velocity of wire before entering the die,

il

Diameter of wire before emtering the die,

= Sectiomal area of wire before entering the die,

> Y <
I

v = Velocity of wire after leaving the die,
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d = Diameter of wire after leaving the die,

a = Sectional area of the wire after leaving the die,
vy = Velocity of a section of wire inside the die,

d: = Diameter of this section,

a8y = Area of this section,

P = Mean pressure per sq, in, on the tapered surface,

P = 'Fotal pressure on the tapered surface,

I = iength of taper of wire in the die, (nearly) length of cemter
line

Q = Total force acting on the wire in direction of motion,
OC = Angle between the tapered surface and center line of wire
Vin= Mean velocity of the whole wire, in passing through the die
| f = Coefficient of fricticn in the die,

Assuming the same density for differeant parts of the wire, we
have

VA=-‘VX a, =va (1)

Caling V . the mean veloéity of the whole wire, we obtain

from Fig, 2,

vV_ = Xdx, 2
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From eq, (1), we have

V A
ax

Yy =

and by substituting this value of vy in eq, (2), we obtain
-1
VA 7" dg 3)

——

Vm': Iy —1y -'10 Ax

We have from Fig, 2 also,

a, _ X2 =Ax2 ‘4

Substitutnig in eq” (3),

1
_V112/1dx.__wg [_1_1_
I S g m—_— - -—-_-::‘]E-L l

i —Ip 2 Ii () 5
J9 7
1
Or, V= 1‘;‘ (5)
From Fig, (2), also
i D .
Ty ©

Taking the work dome im comsideratiom, we obtain from Fig, (1),
P(sin oC+fcos X ) Vin=Qv (8)
And dy substituting im this the value V,;, as found in eq, (7),

we have

P( sin o¢+fcos of ) V—?—:Qv
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By substituting the value of v as found in eq, (1), we have

P( sin ¢+fcos X, )dD.._—:gé_.

a
But
A _ D2
a  dZ
Hence,
P( sin oc+feos X ) =—%[-)— 9)
From Fig, (1),
- D—
SX= -
Therefore,
~ D—d\2
cos o = —_
o 1 ( 2l
Hence,
P oo QD (12)

o({}}i;iJ, ey (Bray2)
J

Effects of wire-drawing on the Physical properties and Con-
stituents of Steel, |

The general effects of wire-drawing om the tensile strength,
elongation, and tlorsiom of plain carbom sieel are more or less
familiar to 2ll, But comparatively few know the effects on the
density of the wire, When a piece of wire is drawa through a die
its- density increases at first due to the compression exerted by -
the walls of the die, But after the reduction has reached a certain

stage, if the wire is subjected to further drawing it will actually,
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get lighter and is over-drawn, At that critical stage, the teasile
strength will begin to increase very rapidly, but the wire becomes
exceedingly brittle, as shown by its low torsion and elongation,
The wire is ruined and not good for amy practical purpose,

The effect of drawing om the hardmness of the sorbite is in-
teresting, When the cold work is mot carried beyonmd a critical
point, where the grains of sorbite and pearlite are brokenm up into
fibers and lose their idemtity, it does mot result in hardeming the
grains to any appreciable amount, This is, probably, due to the
formation of slip baunds, so that although the crystals im individual
grains slide over each other, and the polyhedric grains are made
over into long fibers, the physical properties are mot damaged
(save the elongation), but om account of the imcrease im density,
are actually bemefited thereby,

Buti if the cold work is carried to a stage where the particles
of ome grain are moved till they emcroach upon and penmetrate into
other adjacent grains, and perhaps till the whole grain be actually
torn apart, so that the enatire structure is made of fibers more or
less torm apart, them the haidmess seems io increase and also
brittlesess, This extremely brittle wire is not of much use,

If this wive-drawing is carried sill farther, even the tenmsile
strength will decrease, The imcrease in ultimate stremgih due to a

tensile stress is explained by Rosemhain as due to the formatiom
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cﬁ new slip bands in grains whose crystals ave not orieated im 2
direction as favorable for slipping as when the stress is first
applied,

The reasom for inmcrease im hardmess after a certaim critical
stage must be due to am allotropic change im the irom, or to a
chemical change in the carbom, or both,

It may be of interest to mention that graims of pure ferrite
do not increase in hardness under the heaviest deformation obtai-
ned in wire-drawing, There is, of course, a hardening effect given
to the whole wire, but this lack of ductility seems to be due to
the fact that no more sﬁpping over each other of the crystals can
take place, but the actual graims themselves do_ not seem to be
‘hardened,

Pure iron, though softer than steel, would not stand as rauch
drawing as the steel of sorbitic-pearlitic structure, This fact is
probably due fo the temacity of irom being much less thaa that of
a eutectoid steel, The irom wire draws micely for three or four
holes, but by that time all the slip-bands that can be formed have
aiready slid, and the metal has to break, since it can yield no
longer, In the steels of sorbitic-pearlitic structure, the ferrite is
strengthened immensely by the caméntite, and since both the
ferrite and pearlite, as present im a soft steel, undergo a mutual

deformation whem subjected to stress, it follows that i a number
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of holes of wire-drawing the steel elongates gradually, while the
iron has its “stietch™ rnearly all removed by the first two or thiee
holes, so that in the finished wire, elongation is less tham in the

steel wire,
The Heat treatments of Steel Wires,

The principal heat-treatments used in wire manufacturing are:
(1) anneé.limg; (2) patenting, (3) hardening aad tempering,

I, Annealivg,

Annealing in wire manufacturing serves to accomplish three
functions:- (1) To remove the effects of hardening due to cold
cold work im wire drawing, Annealing for this purpose covers
priacipally the low carboa | steel wires, those with ,25¢; C, or
under, Some authorities seem to recogmize the fact that in such
anmealing, it is mot absclutely mecessary to reach the critical tem-
perature, (2} To refine the grams—applied principally to the
higher carboa wire, those with 302 C, or over, (3, To obtain
some definite structure, i.e.; spheroidized cementite, This treatment
is used for wires serving special purposes,

Effect of initial anmealing - Authorities have divergeat opinioas
on the necessity of imitial annealing Mr, J, Dixon Bruaton’s cosnc-
lusion is that annealing the rod before the final anmenling does mot
in any way produce better material aad is, therefore, not nccessary,
But Mr Loagneuir maintained that ammealing before drawing is

{1° “The Engineer”, Aug 1, 1924
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necessary to insure uniformity in the fimal wire,

The actual increase in elongation after annealing depends upon
tht time the metal is under treatment but at end of five minutes
(usually), the maximuia imcrease in elongation at amy‘. temperature
has reached, This simply means that the material has been thoro-
ughly heated by that time and the effect of cold work has all beea
removed,

Reducing the wire too much befoire aanealing causes crystal-
lization and the wire continues to be brittle after annealing,

I1, Patenting,

Patenting is a term used ia wire drawing industry to describe
a process which aims at leaving the material at sorbitic state, It is
usually used for medium carboa steel (.352; — 852¢, )when both
strength and toughmess are required, It would be impossible to
make rope amd music wires without patenting, The process consi-
sts of heating above the critiéal range aad coolimg fairly rapidly,
(such as in air), through the critical ramge. The high tensile
strength is due to carbon in solution, while toughuess is due to
its fine grain structure, The functions of patenting are: (1) im the
process of manufacture, the removal of cold work, and (2) in the
finished wire, to give together with coid work, desired streagth
and tounghmess Patenting procoss permits more cold work than

annealing, which is due to its toughn>ss,
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111, Hardlning and Tempering, -

Hardening and tempering apply to the higher carbon steel
wire, from 6595 —1,004;, In wire drawing, they are conmsidered as
one continuous process, there beimg mo field-of usefulness for wire
sitnply hardened, The wires are drawn through heated tubes of
furnace, quenched in oil or water, and, fimally, tempered in 2 bath

of molten lead in one process,
Procedure,

Three series of experiments were conducted on the following

two kinds of steel wires:-

oG, 9:Mn, %S, %P, AN
I 10 .35 050 023
45 . 88 45 o7 .

The first series was on the 10 ¢ C, wice  After it had gone
through so many drafts that heat-treatment was necessary for

in this case, after, the 10th draft——, it was

further drawing
anmealed in a gas furnace at 1600 F, Then it was drawa through
more holes, until the Smallest hole available was reached, The
reduction of cross-sectional aren, maximum load, elongation, and
torsion were recorded after each draft, To compare with the
effects of ammesling after the 10th draft, specimens of the same
wire were also prepared to be amnezled at one and two drafts

qheal of the 10th draft and physical properties investigated,
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The results of this series are tabulated im 'Tables I amd T,
where A" demotes ,10¢9s C_ specimens to be differentiated from
“B"™ and “C”, which both designate ,452; C_ specimens, The sub-
script designates the mumber of drafts the specimen has gonme
through, for instamnce, “A”3 means after the 3rd draft, while A no
draft after initial annealing, “AX”, “AIX", and “AVHI" ia Table II
maen _104; C, specimens anmealed after the 10th, 9tﬁ, and 8th
drafts, respectively, |

The 2ud series was conducted on the 457, G, wire, the spe-
cimens in this series beimg designated by “B”, The procedure was
the same as in the firs: series, the intermediate annealing being
tried after the 9th, 8th, 7th, and 6th drafts for various specimens,
as tabulated im Tables IV and V,

The 3rd series was conducted also on the 4594 C, wire, The
only difference between this series and the 2nd one is in the me-
thod of heat-treating, the specimens im this series, deéignated by
“C"”, being patented instead of ammealed, The results are tabulated
in Tables VI, VII, and Vill,

For all of the three series, the imvestigation was conducted
under the actual working conditions of a modern wire mill, Eor
instance, after each heat-trealment, the specimens were pickled,
dipped in the lime solution and baked, as dome in the mill,

Tabulated results and plots are givem in the following pages,
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Table 1,
» 1094 G, Steel Wire, Annealed

Wire 74 Reduction Enxmic_iﬁ Tensile Elongotion _ ,—.oqmmg
Specimen | Diameter | Area mﬁmm._._,wwmﬂw@m Load, Lbs, | Tbs “.m_”._.. w257 T 10 e,
No, Tnch  Sq, imch, | " " " L mch | 1 T
Ao | 0110 | 000950 o | o | 4% '52,200| 425 | 171 91
A1 | 0103 | 000833 123 | 12.3 1 — I
 As | 009t | 0.0069¢] 270 | 167 _ — —— w | T
Az | 0082 0.00528 | 4.4 X ‘ 400 ‘umummi._.m..mm@.u.wu_..!_mm, )
T I e e |7_| = __Il..u _
As 0,069 | 000374 607 | 18.7 w m . q T
Ag 0.061 0.00292 | 69,3 21.9 263 | 90,200 l o.MNJM.-H..mw..._..._ 39
Ar | 0055 | oomas| 750 | 186 _ _ | —_
As | 0.044 | 000152| 2.0 | 360 | g —_ =
Ay | 00385 | 000116 | 87.8 | 234 ( 123 105,500 | 0,17 H 068 | 30
Ao | 0.036 | 000102 893 12 ___r_| 124.7 __Euuuoc.imu.u._m 0.48 A 20




Table 2

« 109, G, Steel .dﬁnd. Amnnealed

Wire __ 94 | Wmmﬁo».oa T " |Elongation in 25~
Specioren Dinmter | Area  Over {1 1 000 Mo e s | 5 |
. o T te Anneal ive ‘ Lbs, .Ewm .\z_ _: | 100 Diam,
A T Anmenled Agnin Affter A S
B _Mvg]:.m .l..._..,..._uwm _ . 000208 _@a..w 7 .-.-.m.-___ifm.-.' mp...m..-. | ma mcc 1 qc _ m 80 M 60
Axi | 026 | 000532 Wm.rm_.m 416 T& 900! 0 %..i—,a.mmmih-. 66
o . ~ _ m ,E.ﬁiii-, 7 __ o
S ey 35_.|>@1 S
AIXo | 035 | 00091 902 0 | 0] 542 |52,200 237 @.m..i_mliww.
AIX; | 028 | 000613 93.7| 34,9 mp.i 51.0 __my%i 010 | 040 68

Annealed Again ngw >m.

AVIITo 043 | 00145 Tﬁq_ o | o e5.0 Tfoo_ 2.27 _ @8; 112

><::_ 040 | 00126 “ma.i 131 131! 853 Tqmai 0.37 # 1.48 | 99

AVIIT ) K ‘ 1000909 _83 37.3 mum 48 _Swai 0 20 | oz: 63

><::_ 026 | 88@_ ﬂﬁ m_ &.ﬁ Tﬂ.mm 51.8 i& ,930 c_m “ o%m 2
: | ; i
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Table 3,
.45 G, Steel Wire, Amnnealed,

Wire 9 Rednction | | Elongation in 25",

mm,.o%ﬁ:ms :“W__”-mm mnbn_.wwr _A overall “mznnmwmmqo gﬂﬂ.ﬂ%ﬁ _mﬁwhwmno: Inches ; 2% ” .-.on.ﬂcs

R N M li.l__I-”H,]u..r_-_. ) Lbs, Lbs/p) | 100 Diams,
By | o1 o0%77 | 0 0 | mmwitﬂr%m--_ 320 | 12,8 1__-,__wm_.m-. 1
Bi | 0107 | .009020 | 6.78 _ P qm|1ﬁ.1,..mmwfllu&.ym&ﬂ 0935 4.8 w|mu 5
wm;_-!m 005 | .ooucrmw--_. %8 | 21 4 S R __ll _ .

By ‘fm.lomm 005674 | 413 _ 19.9 ;1 u.mo_.__-__.m& 000 035 _ 1.40 ﬁ 450

- 4._ e i v o m| rv e

o oo | o e0s T o A — Al __
Bs | 0069 | 003739 | 61.4 2.8 573 Tmm cg!,.ﬂ wm 148 | 38.0
Bz | 0058 002642 | S.w; X R A -
Bs 0.052 | 002124 | 782 4 196 — | = [“ .;_Hfl

| By | 0.016 C.o0m662 | 526 | 21.8 296 178,000 027 | 108 | 35.0
Bio | 0038 | ‘001134 - 88.2 m Failed, When Part Way through, ﬁ S

T e T T 4 ey E—_—




Table 4,

« 45 & C . Steel

Wire, Ammealed,

SPecimen _V Umm:.mﬁww & P_.m.u}!w O,.Mhn. Wmmmm“mw:n._ 3““-“:5 _ MMWMB_._Mi_ m_wsmu;ﬁ‘..um.mw% A.o_“m_os
No, 7 Inches imn Inch, _u= . Mwwﬁwsa.mmwm‘ Lbs, z\. Ehuw. Hsnrom# % 00 “.mmi.
IS SN >=s§_&luw%wiwms e
[ BIXo | .0452 m --ao;em?mm_i 0 i. 144 5 f_wm.rmg 2.50 Ta o | 42l
BIX; 0393 | 001213 %N__ 24 4 E 4 1448 wE Si 0.10% 04% | 37
BIX2 0323 |H_....._._88H£__ @Mﬁ._. 55.2 mn u# 1150 140,300 0.16 L 064 | 3L
BIX; 0267 | 0005599 ﬁ.fw 65 2 m:. 87.5 m_maboi 0.12 _ u...& 35
CBIXe | L0220 | .a%gwm_mm_wm[.a_ mm.ta 2 HM 62.5 :FNS_,_ 00¢ | 016 | 22
BIXs 0210 | 89#&__ 96 .4 / T % .0 173, u% J llmi — 21
 Anmealed Agnin After Bg -
BV | 0489 __ .Sumqm 05 0 | o] 111 91,200 | 2 mw!__m.wwf-‘. &W
BVI; | 0474 | 001763 87| 6,02 6.02 [ -
CBVIL: | 0410 | 001320 86,4 | 29. qt|m.m_._.nl.§ __Boem? 015 | 0.60 39
BVIDG | 0323 | 008194916 565 7.9 17 143,000 | 0.12%| 0.48% 371
BV | 0271 .Scmumm” 9.0 692 Tc.a 895 [I55, cc_m_.w.._.m___mux_ 048> mmM
M._.ww_@m]w;.tﬁﬁ | .888@_ %.1| 79.6 335 65.2 169 mS_ 0.19 _ 076 ._.-.umw.w
BVIg | 0219 | 0003767 96.2 | 80.0 | 1.8 63.0 TS 100 | csx_ 0.40%| 271

Note: x demotes “Beyond gage”
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Table 5,
« 4595 C_ Steel Wire, Amnnealed,

. | Wire - | % _Reductiqa fMaximum]. Tensile Elongation in 57) Torsion E
Specuneni Diamet Ar JOver-]AfterI“"-Su . St iR :
iameter ea. termedi- i Load ! remgti in
No | te Aun. €5 * h_ Lbs, Inches, %
. 3 v | H
- Inchgs j?gml_nchll all e a.lim_g; ésxfi Lbs / Fl 5109 Diama
Annealed Agaifn AfterB7
BVII; | 0.0578 ] ,002624[72.9] 0 0} 2315 [a&sooi 347 | 139 l 41
BVI;, | 0.0500 ,001964§79,7il 251 251 227.0 115,500 © 0,28 ] 112 | 455
BVII; | 00472 | 001750 |81.9| 33.3 :10,; 217 6 |124,000; 040 | 1.60 | 50
| t i | ]
BVIIs | 0.0410 | 001320 |86 4| 497 lms} 1770 134,000 022 088 | 39
BVIL, | 00323 | 0006194 915 €87 37.9 1260 [53,700| 0.10% 0.40%| 351
BVI; | 00272 | 0003810 40| 778 :29_1‘ 9.5 }159,200[ 0.08% 0.32% 37
BVI; | 0.0218 ,0003732:_ % 2| 860 ;353; Feilad, when part way through | 31
Anncaled Again After Bg
BVIo 0.0674 © 003568 | 61 4 0 [ 0[ 3295 |92,400 2.4% 976 | 51
] | L
BVIy 0.0602 ‘ _002846|63,8] 20.0 ;20,2} 3260 ;’114,500 022 | o8 | @
BVI2 0.0503 | _001987 ]77,7' 4.2 ;30,2; 2700 |136,000: 021 | 084 | 4
BVI: | 0.0470 ,ooms]so_z! 51.3 12,7j 2450 139,000 | 0,29 ‘ 116 | 341
BVI: | 00413 .001340{84,4 62.5 P28 198.0 [|147-,800 0_14"1i 0,56%| 37
BVI; | 00320 | 0008042 89.9| 77.4 40.0 1335 166,000| 0.14 | 0.5 | 24 |
BVIc | 0026 | 0005557 92.5| 843 309 1030 185200| 014 | 0.5 | 23 t
BVI; | 0.0233 0004264{ 955 88.0 -Ibs,s; Failed whem a little through

Note: x domotes “Beyomd gage”,



Table 6,

459, C Steel Wire Potented

| Wire ' ¢4 Reduction |Moximum 1 Temsile; Elongation Torsion

Specimen Diameter Area | | Streagth — 05 100Diam,

No, | imch | Sq. iach Overaﬂ_ Successwei Load, 1bs,| Ibs/[}” imch | o Twists
Co 0.112 | 0.0085| 0 o | 987 |100,200] 2.5 | 10.2 47
Ci 0.095 | 0.00709 280 | 280 | —
Cz | 0.085 0,00567i 424 | 199 = 821 14,50 045 | 1.8 39
Cs 0.080 0_00503l 49,0 ‘ 11.4 | —
o 0,072 0_00407;‘- 587 | 19,0 | _ —_
Cs 0,068 | 000363| 632 | 108 585 [161,000] 045 | 1.8 37
Ce 0.058 | o,oomi 731 | 27.2 I
Gy — _ | S ! — — —
Cs 0,047 | 000173| 823 | 343 - | —
Co 0,038 % 000113 | 885 | 346 224 1193,000) 017 | 068 | 165
Cio 0.029 | 0.000661 | 93 2 41,7 156 236,000 0,068 | 0,24 13.5




Table 7,

4595 C Steel Wire Patented

| Wire % Mﬂmm—wnnmos _lgmxmﬁzi g Tensile Elongation, 25" Torsion
soscmon DA (00 OO 85 1, ] e | |
m.m»m__:”mn Again After Cjp
CXo | 0.029 | 000661 | 93.2 | | o & 73 | 11,000 145 | 5.8 19
CX1 | 0.0279 .ooaiou.m 756 1756 73 120,000 .10 | 0.4 425
CX» _ 0.0221 | 000384 [ 96.2| 41,9 |37.1] 60,0 156,000 11 | 044 | 405
CX3 _ o.SB_ .oSmmiom.i 46,1 |73 | 549 |[154,600] .17% 068 | 5
CXq4 _ 0.0165 7 000214 8.1 67.6 Mu@.o 365 Spooo“ .08%} 0,32 325
| Patented Again After Cy
crxo | _c.oumow 001130 (88,5 | 0 | 0 | 120 106,000 1.60 | 6.40 | 30
CIX, ¥ 0,0327 .cgﬁc_s.m__ 256 256 118 Eoum%_* 08| 32| 45
CIXz | 00279 | 000611 (93 8| 460 |273| 91.3 Eﬁoj J0%| 40| 380
CIxs | 0,026 .cgglco 645 |344| 677 |168,000 .17 %] 70 | 280
CIXa ' ooﬁi 000356 ' 96.4 | 685 12| 615 568___ 36 | 1.4 _ 145
Cxs | o, 8@“5,8@, 81,0 To.o 40 8 _Erogl 48 | 5.0

x Break Bryomd Gage
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"Table 8,

459 C Steel Wire Patented

L Wire % “WM®M_nmws Maximum ﬁmsm:oﬂ Elongation 25" | ‘Torsion
Specimen ‘_cmm__”mﬂan mmw ‘Inch oMm?_w wmm.mm,mmﬁﬁ, Load, Ibs, m_w.w\._,%._ﬁw_m tnch, | 2 ﬂ@_ﬁWﬁ- .
Hummmsnoa Again After g @ - -
oﬁ:o_ o168 | 00172 826 0 ‘ 0 ‘ 182 5 Tcmucs_._ 169 | 6.2 | 410
VI | 0389 00119 | 88,0 308 [308] 1625 135,000 .09 3% | 465
CVIIIz ﬁ 0327 | 00084 915 | 51.1 [29.4] 1275 _mysoﬂ_ 0t 16 | 465
cviLz | L0279 | 000611 |93.8| 645 |27.3| 1010 165,000 12 | 48 | 225
GV | 0225 000398 | 959 | 768 |349| 680 |171,000 o014 | .16 | 135
CVIIls | 0213 ‘_.88% 9%.5| 793 |10.6 | 66.0 _mmvsc_ﬁ —_— R — | 26,0
Patented Again After Cj
CVlp | .0583 _.85 um.i o ' o 290 | 108,700 148 ' 5 o2 48
CcvLy \ L0473 k.oﬁqm 182,11 19 0 _E.i 242 __mm_moo_ 13 V 52 37
CVIz 0413 W.QS.& _mm.g 29 2 Tm.m\ 194 5 _Emuocom 08%| 32 | 365
CVI; | 0330 | 00085 91 1| 34 62| 145 Tmmwmﬁi,..mwl | 28 390
CVI: | 0278 | 000607 | 93.6 | 523 _Nm.c 129 2 T_u,oa_-,, 17 i 70 | 290
GVIs | 0220 | 00038t |96.1] 62.2 |36.7] 80.0 lpcmbmm.__ 20 | 80 | 120
CVIg 0216 | 000366 | 96 3 | 630 %.i 65 .0 Tuﬂmoo_ —  — | 25

X Break Beyond Gage
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Discussions,

Plot #1, — The tenasile strength curve srnows that tht tenssile
strength increases ma;iformly up io about 45¢9; of reduction; the
elongation curve shows that the drop in elongation is very rapid
at fivst, but after 4594 reduction, elongation decreases morel slowly,

The toision is supposed to be a mezasure of ductility, hence
we naturally expect it to drop as the amount of cold work incre-
ases, But the torsiom curve shows that, instead of this being the
case, from zero to 4{)0{, redyction it imcreases slightly, before it
begins to drop, The same phemomenon is seea in plot % 6 for
0.452; C,, annealed before drawing, This peculiarity may be expla-
imed as follows:-

The torsiom at any poiat is the resultamt of two factors: t_he
increase in brittlemess teads to decrease it, while the “skim effect”,
or skin temsion oa the circumferance of the Wire, produced by
squeezing the wire against the walils of the die, tends to increase
it by prevenating shear to take' place at the circumierence, Right
aiter annealing, the brittleness factor is at its minimutne, of course;
after reducing the wire to about 45,7, thé brittleness factor imcr-
cases, but, at the same tiﬁe, the skin effect also becomes of imup -
oriance, This being the first drait, the hicrease im brittieness is
more than counter balanced by the skm-effect, ard, as a resuly,

the lorsiom iacreases instead of decreasing, This explanation is



70 T A

supported by the following short experiment:-

We polish off the skim of two other samples of Bl (see Table
#3, and Plot § 6) for about two inches in length and test them
for torsiom, which come out to be 37 and 38, respectively, the
break takimg place in both cases at the polished portion, The diff-
erencnt in diameter between .he original and the polished portion
is made vary smallso that it will not affect the torsiom appreciably,

Comparing the average torsion number of 37-*21~ with 54 for the
original, and moting that the torsion, number evem for B3 (see

oy s 1
‘Table #3) is greater than 37 = the effect of the “skin” om the

torsion is evident,

Ia the torsiom curve in plot j#11 there is mo such peak as in
Plots #1 and #6, This is most likely due to that after patemting
the grains are not so soft as after aumealing with the result that
the ‘*skim effect” produced by the draft is mot great emough to
counter- balance the increase im brittleness,

Plois #3 and #5 arec made to amswar such a question as
follows: -

Given 2 wire of 110" in diamaeter, we are asked to reduce it
to 028”7, The problem is: at which draft should the wire be aan-
ealed im order to secure the best results in teisile stremgih, eloa-
gation, amd torsior, or to racet certain specifications,

Plot #3 shows that AVIII gives greater temsile stremgth than
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AX or AIX with th;3 diameter of the wire equal to .028”, which
is what we should expect, since the treatment for AVIIT gives the
wire more drafts after anmealing than that for AX or AIX, Plots’
#5 shows that the Percentage of elongation for AVIII compare’
favorably with that for AX or AIX, Siace, as for as t s, and
elongation are comcermed, the treatment for AVIII is the best of
the three; but i torsiom is of importance, we have to make anot-
her plot for it and take that into cbnsideration, if the finished size
of the wire is 0 030", for instance, it can Se determined, of cour-
se, in a similar manney which of the threes heat treatments is the
most desirabie; and, if we rate ts, elongation, aand torsion with
definite ratios, or if we fix the lower limit for each, we cas reach
more definite conclusions as to which of the three methods is the
best,

Plot §#2 is a combination of ts, and torsion curves i Plot 31
It combines two of the most important properties in a wire and
presents to the reader very vividly which draft is desirable and
which not; for instance, the Isi droft is very desirable, since both
ts, and torsiom increase, while the secomd imcreases t;s, at the
expense of torsion and hence is no: necessarily desirable_ It depends
upon the relative importance of ts, and torsion and their specifi--
cations as to which draft being the most desirable point to stop

drawing,
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Plot #4 shows the effect of cold work upon ts, after the
wire has beer fully amnealed, By comparing it with Plot § 1, we see
that the ts, at no reductior is alimost the same ina both cases and
that the rate of increase im ts, isalso nmearly the same, These two
points are better iilustrated im plois #6 and %9 for the 2ad set of
experiments, This means that, except the case when the wire is
over- drawn, annealing relieves all the effects of previous cold work

which is, of course, in confirmity with the accepted theory of heat

treatment,

Plot 36 —The ts, curve shows that the ts, increases at
practically uniform rate (withia the limits of the experiment) with
the amount of cold work, with a total increase of about 84,000 Ibs,
per sq, in, for a reduction of 83+;, The elongation ‘curve drops,
very rapidly from zero to about 1094 reductiom but from there om
decreases gradually, The general temdemcy of the torsiom curve is
to drop gradualiy except a sudden increase from the imitial to ihe
seccnd point, which is, as zlready explained in commection with
Plot # 1, due to the “skin effect” of the wire,

Plot #7 —The general nature is the same as in Plot #2_ Ifa
higher ts, is to be desired not at the expense of torsion, about
3074 is all that can be reduced,

Plot £9 — This plot shows that the effect of previous cold

work has all disappeared after annealing as already moted in coan-
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Plots #8 & #10, — These two plots are made with the same
object in mind as Plots #3 & #5.
“ Plot #11 - In the ts, curve, the rate of increase is umiform
up to about 62y reduction at approximately 1 000 lbs, per sq, in,
for every 19; of reduction; but with further reductiom, the Incre-
ase is more and more rapid, the rate being about 12,000 ibs, per
sq, in, for every 1o; of reduction mear the finished size of the
wire, The torsion decreases gradually with the increase of reduct-
iom, while the elomngation curve drops down quite rapidly at first,

Plots #13 & 3 15.- the imteresting feature im Plot #13 is that
the ts, of CVI imcreases to a maximum value at about 94¢; of
reduction and then suddenly drops down, This means that a wire
patented at one particular stage cannot be drawn beyond a certain
o5 of reduction, because the grains are already so elongated that,
if drawn any further, they will suffer a break-down in the imter-
nal structure, as shown by curve CVI, But if the size of the wire
is still too big and further reductiom is mecessary, it has tc be
patented again before being subjected to further drawing; and if
at ahat critical draft, the desired size of the wire is reached, the
wire has beed patenated too eariy, as shown by the fact that no

Such defect occurs in CVII, GIX and CX curves, The ts, for CX,

however, is rather low at the finished size of the wire, Hence,
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The intermediate patenting should be carried out after the 8th or
9ht draft,

In Blot #15  the gemeral nature of the elomgation curves is
same as those in Plot #10 for anmealed wires, although, at first
few drafts, the elongatiom of the ammealed wire is much greater
than that of the patemted, This difference is due to the fact that
the material is more ductile when annealed, because of the pearl-
itic structurc, than when patented, because of the sorbitic struct-
ure, It should be noted that the elongation of GVI increases at
about the same time as its corresponding drop ia ts, due to ove-
rdrawing,

Plot #14 - This plot is very much like Plot %9, except some
peculiar featyre im curve CVJ, where The tgs, after reaching a
maximum somewhere between 534 and 602 of reduction, suddenly
drops down, The wire is overdrawn due to that the ratio of ten-
sion to compression, exerted by the die is too big: there is some
incipient rupture and the dessity actuaily decreases,

Plot #16,- This plot gives the comparison Jetween annealed
ard patemted wires, contaiming 0 45¢; C, As we may expect, the
ts, is higher for the patemted wire tha» for the amnealed, while
torsion and elongation are lower, One important point t6¢ note is
that the patenting treatment makes possile further drawing tham

annealing: the amwealed sample breaks at 88,247 of reductior,
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while the patented does mot break umtil*93_2¢; The torsiom curve
for the anwealed wire has a peak whiie that for the pateated has
none; but this has already been explained in comuection with Plot
#1,

From the discussins preceding, we may draw the following
general conclusions:—

(1), That the low carbom steel wire can stand heavier drafts
than the medium or high carbon steel wire,

(2),That there is a proportionality between temsile stremgth
wnd the perceatage of reduction of area unatil a critical point is
reached, beyoad which the teasile stremgth imncreases more and
more rapidly,

(3).That, generally, torsion decreases with imcrease of cold
work, but, sometinaes, due to the “skin effect”, it increases with
the first or second draft before it begins to decrease,

(4).That intermediate anwealing relieves all the effects of
previous cold work, provided, of course, the wire has mot been
overdrawn,

(51.That the most desirable stage for intermediate heat treat-
mzat is not at the breaking point, but at oae, two, or three dra-
fts earlier, depending upoa the particular coaditions,

(6) , That the pateating process pecrmits mere cold work thaa
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the anmmealing process,

(7). That with the same amount of cold work, the patented
wire has greater temsile stremgth, while the annealed has gt;eater
ductility,

(8) That there is a critical point beyond which the wiire will

be overdiawn and ruined,
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ﬁ%gﬁﬁ%ﬁﬁ (Photo-elasticity)
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ugkagl dr= & ka
%mmnmﬂﬁﬁm}”ﬂxﬁ%”WZﬁ%oﬁﬂﬁﬁzmwAﬂ

LR EZEWDZ > BT RGRE ST » BRC
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i 27 5 28 [
- - B 2
IRERBEEE
'-:IM
: t iHsee
A & ]
i _ | T I.
. I'.: - W
g ¢
TT r l l l ‘ ‘ o570 the)im?
L o £ & € & € &
#=£70 liggie?
METLA D ZRF A | &) 7 1bs/in?
_imch = |61+62/61—-62] 61 ! &2 _
—0.50 530 540 i 535 | -5
—~0.40 550 580 1 565 | —I5
—0,30 650 630 | 640 ' +10
-0.20 93¢ 750 | 8406 | +90
—~0.14 1440 1460 | 1450 | —10
—0.125 — 1720 | 1720 0
0 — — |f —_— | —
+0.125 — 1730 1730 0
+0,14 1350 1400 | 1375 | -25
4020 910 760 | 835 | +75
+0.30 660 660 | 660 0
10,40 569 580 , 570 | —10
+0.50 500 560 | 530 | —30

BEAGE ERKXR IAERT 61 R 62 2FERA > D Rt



% i 115

i 2 2K 9 77 gk -

20 AABZEALRRIGES AL RS2 SR 0 R Ky
A > ISR S ABEE MRS » i Celluloid & Bakelite 43—
P7iE o QIEEEE A Strain creep, {REES RAUIRRH] 5 BN TSI
FE > BB L2 ik ZE o BASTIMRRZ MR Poisson's ratio ¥4 747y
2 R 58 I R g 2 AR R B » A5 sk
B > Gt R M MR - B B I08 2 A i > BRES =B
i 4L - M sCeisrek ( Graphical integration ) [isk=EM0r 5 ¥
BEEJT 3% Kiloa RITER . (1)

60 5 i T GRS UG R » AR BB AT IR M R 5 Sk o

22 e ki d i E W T e IR b T RS

96x 27z 97y g

WX gy du }

92z , 26y .92z _o !

= + e + > l?- ..................... (29)
Fur T !

97y ;975 126z ¢

o X <y Oz

{86 x,6y, 6 BRBNE—REPTRZLERESZTE LER5
W1 Zx,2y,7: B EZ= L5355 ( Shear ) Ay » Bt op i s
ingj] ? HHGZ =O!?}‘- ="Os?y =0,&_hitm§ﬁﬁjf;'o

36x +a?z =0 1

oy oy l
an-La?z =0 l? --------------------------------- (30)
oF " dx J

(1)"On the graphical determination of stress from photoelas—



116 I 7

tic observation” by Firon, Engineering Oct 19, 1923, p 511,
(2) AFoppl: “Voviesungen uber Techmische Mechanik™ Jf Ba-

nd, p23°

e e e e e e e e e e et b e 8 ot ot a8 o e

AN =57

6 =G 5 BRI RPEXY LEZ AR R CEIE T M BZa) » 4
61,6262 S XHHEBA (EDOE) o § <, BBPHMATFHRX 2 &
& 29 il 30

) &
T / ﬁdt

B i
DS |

o b §

¥

™

s ERx =X ZABRFARXE EZERZATIC 5 . » BigPy 2 750
Vi 2foii LY =V ZBBE I HAYELHRI B o 46 AB g
k> 6565 ZMTHBNEZ e WEGCURZ A 5l o %
72=(61—62) SR B cos Bevrvererrervnnn, (32)
MRN8 MECHRTME L — 62 MEEZ < TR o 274
AP BAPEHILR > MR § vy T2 KB i Lo 72 kMg
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WHAZE § 72 0 SEKS s RZASED > b Z RIEFRA
P LA SAEF (S5308) » HiFZAPFES
X 972z
J3 B
B6 s, WEMMURPE 26« o AT BP 8 > BBPREH.S
o HIFSS x SESRETIARIT 7 DUEHK 6 - R Z  MEZLZ AT B
P L §CHIlG(318) © WABPHGE

31 Y 972z
/y P

| | HGy MEJLEBPHEZGy
. ] a

| o 6146226146

F Y, BRmARES)

g f, a2
| | g9 61-62=6.

W?%ijsz 2 Eﬂ
61 = -%-(sx +65 +60)}

2= 2(65+65—60)
B WAL EEHGZT R (DSR2 o %32
BT & RGN X B2 Z B wmOY LR 12513 o
e Hyhd TR T 5 2 08 — B R S U A 732 o PSR 533
B 2B 734 2 N Jr AR o KX OY i L4 0.2em BB ER TG
219 5 iisd2B Rl Y > FRERRE) RS e iR NEER L ( 61
—62) BRI AR
G —-C8y=—( 61 —62) cos2p
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% 2=+ (61-62)sin2B

HEZTRRR

—

(1) “ Optische Untersuchung des Spannungs-zustandes in Ma-
schinenteilen mit scharfem und abgerumndeten Ecken ™ Von Waiter

Birmbaum , Zeitschrift fur Techmische Physik 1924 p.143

B e S A N AP N S
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b (. nk vV VE T (_m.-._..-_i.__:_ X Xl
crm m mﬂw\n_mmm mem.%w _rm\mmﬂm E _wm\ Cm2 ,wmmu,iL ..mm u++o.% y __xm mop.am _wm\&w..w
0 (9| 232 232 | © o 0 2.32 2.32 232 | 0

—0.2 |80 225 2,11 | 0,39 |—-0.61] 0,10 | 2.21 2.31 2.28 _ 0.03

04|67 174 122 [ 063 |—0.70 024 | 1.46 1.70 172 —0.,02

—06 |55 148 051 | 0,70 |—0.10, 031 | 082 1.13 131 0,18

- 0.8/45! 150 0 0.75 —0.100 032 | 032 0.62 1,06 “Io.ﬁ

—1.0[35| 1,50 —051 | 071 (+0.52] 026 —0.25 0.01 0.76 —0.75

—1,2 (20 2,06 —1.58 | 0.66 |4+0.12 0,18 |—140 | __.1.22 0.42 _!:;

~14115| 219 —~1.90 | 055 [+0.43 012 -—1.78 | —1.66 027 |—1.93

16 7, 268 | —260 | 033 [+0.62] 0.01 _Iu.% —2.58 0.05 2 63

18! 5 271 | —267 | 024 |+011 002 269 | —2.71 0 a7

20 0 280 | —28 | 0 0 o 280 | —280 0 —2.80
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RbARI EEE P WEHOVHEAD, 2em = fAABB LT RIE
70 22U S =0 dompRZ it o ARGEZE RBG1 62
> 6 x =6 y SPAP BT B 358 Hig

B3 Ak (31)sh

BIOBEZ 6 5 « BANETE o HA3SEP
g2 erOHL Y Wi LS RO

ARIRT Y,

|
I

‘%r{; S— 31 Pl Yo7z o

//// w506 F 4 ERRA R / 272 dyzg
o T MU S YR EBTE I 6 5 Reb SR
Na BFm « EDRZ 7. REVZ 2. &

ERMRE cdy B ° H36ERE<,65.,7
ZEEAL Bk IR A E R EATSS
> gihMorley ¢ Stremgh of Materiais ™
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24 FAREEGEE o 837858 KB R BOL 8% BREHF Ad-

am Hilger ZA7] Coker #4215 i Bk Z 16 JCTRM: Bt i » $438

BRI B B S 0 RS BN I BRI Z KA o Bk L BN

B > MEHLKNVEM lens M L2 £ 5518 > WES B 2K o E

HESEAEAAP H BRI G AT k2 BB R 174 - HB Rt

AT B KR E o KNETZ G ERERRSH T2k BN (EER
% 37 B

HATER JATH CAr ARATION MEMBEN

LANT ERN

T1 ZRBZEFITESR > VELEERARET: B ETZKFE ML screen
SE o FRGHEI] lens, BEHPZLBLITER-C BAIUE : MEHE
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ST » AR (PSRRI RA ) o DURBCHER - U5
PRAH balsam 245 o Q1 Q2 BIAZ—EH > DlBEIE SR
SRR A TR » J balsam %% > 6 FPRIRET-AL fHFeus
-ner’s sprism B3IV REIBE L E'F 7 lens £ G'H & lens % 5—
8 5 B TP RIII 2 — B AR QL X8 » 1 Qu IR » LRl
0 METERNRATE B HTRERRAE e

R (LRI R FR BT 2 TR R G B » BT AT
EAVIEZAG N

% 39

T

. g
— i — - £ / ‘_
- = E-. -
7 3 - -
o
Rty

25 | AR BE *ﬁﬂl‘ﬂ'ﬁmi&@ﬂ%ﬁ_%ﬁﬂ% s BB 5B
TR EIEA » AR EAEE A Hookes law ApBHHIRE >
Celluloid, B2 bakelite =i o ph=F#4HEERGE » TRESEE &
Ko

CR - mmr gam'- TRARRL R0 0 Jp ik b

kg, cm? kg ‘cm? ,kg,cm! IBrewste i; |
% fﬁ; ' i.«oooo 15 3 fozs'gng"ygﬁ-

HARERA 430 . 150 20,000 1.52' 10  0.40 .ﬁ&:ﬁljﬁ
RENfEmE 430 . 150 ¢ 22,000 153 10 040 &ﬁmﬁ
Bakelite ' 430 ' 430 37,000 163; 50 . —— ﬁ#&.ﬁﬂﬁ
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B BB i 1 A TG A% Hookes law, H. strain Creep, # /) s 4§
550 > {5 Imitial Stress ZERE 8t » WBHAIARS) - WARIEED >
fra R GRPRARATTERPER > WTERIEMIEER  (OFEEFHER 2
HIH o

Celindoid B &5 %5R i (RHE » DIk 2 Initial stress {7
> MR I AE » W R EF B M > A FILFHE
> strain Creep gk » Imitial stress i Bdk > JBEHEE o

Bakelite 22 f B EE =8P RA » & Celluloid ZH A4S > BK
AR B > BERER NI % & Hookes law %13 Iaitial stress
Wik > FHHEGER > REBS I IHRR TSR RRL - AR LRSS
KR EBEATE 61 —62 RRFGEIEEHIF - LU Bakelite 75
o (K5

( BB H = R P S T B BRI )
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SER BRI 23 K H O 2
B2 B &

ST R ZES » ~HERRBEZEE » T—F ERRRHRZ %
R o F&HH Duralmin iR 2 SMEEY > HAIRRRIS %M ( Special
Steel ) TiksAE4h » MCREE ZEME MBI AT ERE RS » R
BRER » BABEELSRERL ) BN BEEE RS KR
AT NI > BARE > BREEETEN » BNEER s ISR
iy > RFTELE SEHEN > RELEDRFHEHHZLE o

HB—E KEEiZm LE

Hsmeh AE S AR EEMMB BT ERB— o st 7.98% > W
BEEZ A% © WA R EZIERWRERRNGSE o HXRRT LoKE
HE 28 > BCE 1827 4eu B Wohler JRBR o KRG TEZHEAINZ
BRI > &

(1) 1824 £F 1854 4 FEBAHF 2R

(2) 1854 4% 1889 i [/ RMEHLIE (L ARAY BLH5HEH

(3) 1889 = 1913 FIABUT TEREN

(4) 14 FRBARRBEAGALEZBEN

ST I 2 S BITE 5 5 1854 S0k F ( Cryolite ) 45
WAk > Percy & LUEEATMR » UL GRS » 1855 & Rose JE LA
PRLALGEE, 1857 FERASENRECERASREPY 2 ke
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HZEMS » BB RS o &ﬁ:@ﬁ Claire Deville B2 78505
BESR > WaEEp L » 5K » Pechirey 5.‘-‘%?2 > 1872 R TEE
MG 1800 ke, JLENFT S 4RI B B T A = AR I
Compagnie des Produits chimiques d’ Alais, Froges et dela Camargue
Z RIS > 1880 A AFE %4035 F R s - 24 ( Alz O3 ) g
TS > Deville RKCARMEZE > (BE50 kg 2§05 3kg 240
> WETEIVE kg (AL 700 MLk > B kg GREAHT 2,100 2L
bR s > Kig Deville 5 N Hiksk: - 5 ke ARBANE 11
i o KE 1886 EHRTE ke [ 3000~6000 LpIRAEE 84 2 o B
AR L e - BULRFH Gy > 8% Tl > BRI R R
i > BRI B MR o RAIVEERS ke X[ 11 G2 g
> e EER IREEE 20 241 » Eﬁﬁﬂ%ﬁﬂgﬁﬁﬁﬂ ,all-Heroult3 = {514
AR s — B I WAL L B T T 1 SR AR B o ’

FiELi&k £E Hall K50 1889 7B RIHE > 1:B§ Heroult JRjA1883
TN o MISASTRMRTE » &% EA TSRS
(1) Aluminium Industrie AG, Neuhausen (§51)> (2) Societe
Electro metallurgique Francaise (FIjH:diil Tsere % iiligs
Froges), (3) Societe [udustricile’ de L'Alumaiaium et des Alliages
(B 2Cie, de Produits chi msiques d’Alais et de laCamargue > gjs3)
> (4) Pittsburg Reduction Co, (JbU R Ak Aluminum Co,
of America Z¥i% > 188 & Hal RO ZSMHEL > £ THRR
Penn;ilvamia J§ New Kensington,) ‘

K% 1894 £ British Alu mi nium co, {4733 Heroult 4
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FIREIELS » (ST AR SR R B — BT TS « RAERE
s RIS % 1900 EARETIINE b EI Ty » LERE 73108
B B M TR AR IR > T Heroult | BURIEIRAL 1903
BT o HifEAEN » EEBP > H{HIEY o 1908 F 1912 FHRIE
RSl o BTHAHIRE » FRBARE—F (1913) FHTRKS A
T~ B A > JBIBRATE, » AR —  RBRME A= o &
I 4 MR IRk K Ty B 2 2 B o SOy BE N T AT B o
MR 2 HR AR SR » A EZ TR o “

ZEHE 1914 42 DI RABSRZ B KRR TRT o

Si—% | 18651891 S 3H > A (L 250
X RLES W uE REREK 3 R

| 1865 — 1.2
1886 100 10 24 29 163
1887 150 10 20 81 ° 262
1888 150 11,5 1.1 | 86 392
1890 400 700 37,0 280 @ 175.0
1891 1680 530 360 76 .0 333.0

WoFe 189019134 gz B (BEGL Z40)

%i -£1 . : %Em =
FER ﬁ_’ﬁ- i E He@ iﬁsfﬁ ﬂ}j(:ﬁ] gk % E‘I’
1892 237 41 7> i34 487
18% 700 130 370 590 1790

1900 2500 600 1000 _ 3200 7300




128

I 8
1904 3000 700 1700 —— —_— 3500 8900
1907 4000 1800 4700 11800 22300
1908 4000 2000 4700 600 60060 17300

FoEK 180-134 N EH (K L)
R GdAER B B EH IR AR R ngk I OF
1909 5000 2800 6100 600 800 6800 2800 24900
1911 8000 5000 7400 900 800 13000 2300 37400
1913 12000 7600 13500 1500 900 29500 5900 70900
BER BEH{BENRAL (ke AEE0)
& xR x4 ¥ #X R’ %
1852 6,000 1903 2 ,75--3.10
1854 3,000 1904 2.75-3.10
1857 300 1905 4,004 65
1857 18586 125 1906 4.00—4_65
1886 8 1907  4,00—4 95
1888 59 1968  : 60—2.50
1890( = H) 341 199 1.355--1.85
1890 (1LFH) 1875 1910 1.60—2.00
1891 (= H) 14 .80 1911  1.30—1.55
1891( 1) 990 1912 155-2.15
1891(¢—H) 6,15 1913 2 ,00—220
1902 2.75—3 10

BIE BBz LY
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R g (1913 ) i SR Al ee B LS — T ol > TTERWiep 1918 IR =
e AT o 8 B b AR ISR 0 REERTIR IR o

EVPRITE S SRR - ZMBERBRZERTRTR
1913 % 1924 feRisR AW

1913
1914
1915
1916
1917
1918
1919
1920
1921
1922
1923

1924

1926

Pk

{

ENR

(B hr 1000 Zvug)

oL oum owm owa TN s

120 135 76 1.5

09 295

150 100 75 25 09 408
120 60 71 23 09 419
208 90 77 43 1.1 631
260 11,1 7.1 7.6 17 9.7
34.0 120 83 6.9 171020
315 150 81 31 17 816
312 124 80 56 17 8.3
270 85 — 7.0 — 40,0
300 120 — 10 — 500
325 170 80 96 08 90.0
350 2(;’5 100 — 2.0 93.0

200 7.0 220 1.8 91.0

327

(a) B ERITER

mex W 5 B H

5.9
6.8
8.5
8.5

118

15.0

15.0

12.0
8.0

10,0

12,0

16 0

18.0

EALR FEROBHHREEIRER

7009 781
8.5 829
81.7 869
115.1 120,2
156,0 1643
1799 2003
156.0 167 9
1582 1463
905 745
1120 1171
170.0 1793
185.5 1855
213 5
Metall, Mineral
Ges Imd,
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&

(i 1000 Zy) EAFRE

ER§8 ® B

1905  11(1)  13(1.2) 102(9.8)
1910 30(1) 2000.7) 115(3.8)
1915 82(1) 35(0.4) 130(1.6;

1918 180(1) 41{0.2) 125(0.7)

1920 158(1) 24(0.15) 122(0.8)
1922 112(1) 10(0.13) 121(1.1)

1924 186(1) ?(?). 142(0.8)
1925 169(1) ?(?)  149(0.8)

-
659(60) 694(63)
810(27) 895(30)
833(10) 1092(13)

836(5) 1460(8)
714(5) 942(6)

702(6) 893(D)

966(5) 1372(7) .
1131(7) 1348(8)

&
969(88)
1127(38)
1150(14)
1223(7)
910(6)
. 1084(10) -
| 1322(6)
1155(7)

(1 IF A T s o i) e R 0 KT By NTp ot X
85 > LAMBRT R ESEECREVILENT o
BAK KRENREESBEGHEE.

= & WOR( 2E ) WE(1925) (@) EnAE(s)

" 926,698(1914) - 1,439,437 ~  +55
20 1,107,451 (1915) 1,487,755 +35
5% . 878,451(1914) 1,147,451 +32
s 125,145(1916} 144,788 + 16
$8 69,000( 1913) 168,900 +143
E5g (Pig) 77,182,000(1913) 75.509,000 ~9.75
5 75,019, 000(1913) 88,96 1,000 +12
2 (&k) 21,976,437(1916) 19,061,926 ~10
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% (fek) 180,112,525 . 241,575,004 ,1,_40;.

BRI i B 28 o S5 WA B B DI R B ok
WA AR IBE o EEH 1913 HIZZHETRRT

4F9tl ﬁ(ﬁﬂﬁﬁi‘lﬁl) K (B AERE)

1913 404,97 521,17
1914  393.06 4072
1915 ess.6s 00 14912
1916 7 500,13 1338,41_.-
1917 401 11 1137.35
1918 578,35 739 19
1920 57,9 s
1922 39439  411.83
1924 ‘s2.63 59591

RS LSS SRR o AN » WEBEINZTUE - SRS

B BEARIEI MR o ELERZ EVEX - SR BB R MR
WAL o : |
LR RRMZICRAR B R ()

1920 1923
10HP, 7kg 24kg
12HP, Sokg 135kg
18HP, sokg 243kg
40HP, 127kg 248kg

WAK KB EM RN
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1921 229 | 48,000 16,200
1922 259 60,000 26,070
1924 359 109,000 15,906

ERYRE T ERIUB Y ¢ o Heary Ford J¢INERER IR
MRS 2R R AINY > RYsEE  Aluminum co, of America FE{HEA
HRAEGETETE REBHHBRRZHE > £BZ Anaconda Mini-
ng Co, HEBHEE TREK T REXR DB LR » (BEE LA AER
T o

BB WMZBATEER

MITRSEAHE > (—)B BB Bauxite SUEILEN » () HEAR
AR ERZ » Bauxite (Alz Oz Hz Q) 78 Diaspore (Al O3
.Hz2 O) % Gibbsite (Alz O3 2Hz O)Z kAl ; HEEALHYE > Fe2
03, TiO; Si02 BHi+% o EEFMBILEZ Arkansas, ¥ L2 AMK
205 Gui ana, 3§82 Heroult, Bouches du Rhone, Var 2> @
JJETE2 Traasyl vaaia, Jugo Slavia, BIJE 2 Jabaipur, §5:> Hessen
gz Tsland % o fLBBRARI Alz O3 45—70¢; > Sioz 2—3¢4, Fez
O3 3—257 > TiO2 3¢5 o Wifa < MMLFEBR Alz Os J{E 52 P} »
$i02 4. 5% 8T > Flz 03 6.5 LUTHIRIE o t:ER Alz2 05579 L L
Sio2 3¢ WP » Fig O3 1455 AT ISFRIE o

WAk Bauxite IR B HA%H)
i s 1916 1918 1920 1921 1922 1924
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| 431,923 615443 529,675 141,790 314,587 352,098
i):54 110,000 120,000 186,700 84,942 139176 335,582
HfiGuiana 4266 22438 20,010 —— 160,000
Austria 142326 164,600 362 2638 4,100 —_
#ifGuiana —— 10,333 60,000
Jugo Slavia 27,860 SLO00 31290 178520
| —— 14353 15420 — 12,000 10,000
s 704,393 937,876 810,045 3583563 600,037 1,110,500

f Bauxite 3i%t4 ( Alumima ) ##3( ( Deville-Pechiney Rocess )
BE#X ( Bayer Process ) = o fh #HIEH K o LTI R 2 Bl
WHEZJG R o fgkikEs Bauxite i) ZFRERENE 1 7% 3 73k
FBHEE SRS > KEEE 1000°~1200° #97E 08 o Y

Alz O3 +Nap Coz =2Na AIO2 +CO2
LA e DOKEZR NaAlOz ¥ Sio Tioz Fez O3

BB Z o WilePRI & Al O3 Z002 Sioz B F autocaw Jj 85 1b,

RET > #4786 1607, Bk Eh iy i ~ BEAyRRERTTBEN FIIREZ » AME &AL
O3 ;% 0.3752 SiO2 Sl MitEER 7 BHE > 382 Coz jy
2NaAlO2 +Co2 +3Hz O=2Al(OH)3 -+ Naz Coy
ALk TaUH Rk o
INaAIO: +Hz O=Al O3 + 2NaOH
700 HE 2 -4 0 AR Al Os B Ay 98 995
o5 s A Naz CO3 fz NaOH nfigarthsq sl » KRG IEEIE
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Wb R R o B RBE .
X2k 7344 bauxite fEg 100 mesh YTz » ERIEE 1.45 Hi
g P RIE> o HY auto clav v DIZRIRCHE R 5 IIEE 5070 lb iz
2 .8 BE 5 3% 150° ~160° H:43ERsH o Tiij bauxite s Alz O3 22 9005
P RRrp o
Alz O3 +-6NaOH =2Na3 Al O3 +3Hz O
57 Al O3 +2NaOH =2NzAlO; +Hz O
Fez O3 ,TiO2 k SiO2 ZrfRflipfiete > Slsbas 3 8iig s S iy
s SR MR » RGBS S » s RER R
S Al(OH)s Wi iR v RS - 35 AI(OH)3 &&iaK
5095 o BRAFNEHEBBE 1,300°-1,400° WifG Alz Oz > Hai BRI
Fo
Al O3  CaO NaO  Fex O3  SiOp K5
98,704 00134 03¢ 000754 0154  0.5%
GRE 290 21 o HYEEE - DHUakE o BNIE G  Alz O3 Brasin
o Hiy & Naz O,Alz O3 ,Si02 +9Hz2 Ok, NaAlSiOs Wi 5 ARB#E >
B Bauxite ob§5 K BB RAEH RIF % o 1 Bauxite shryRR& @b ke
o M:d % Bauxite [ SiO2 > A K o HEMT o
Al; O3 Si02 Fez O3 TiO2 X
56587  3—4s; 22254  2—3:  1—12g
Al> O3 BE Rk 75 I BRIL: o ik 75 1836 el Holl RAULE
Heroult [ &8 r$8 o LIggRE Cryolite FiE iR o b¥ ik K WL 6 Y
: BICE o W EBUREBEE - MLEARZ > A Cryolite 55
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o HHLER Alz O3 Jiisabiteh » B Ale O3 Bifbi? Cryolite, Z]5iEH) b
B S PR B T 0 AREEARDAR B o RSEAHE R - SREATR PR o
Al Oz 3p3k o Al 45 900° S 2.318, ifii Cryolite 5 2,08, #
ERIT PR S TR L 2 3 o SERIRZ B AT o

AlFz 592 NoF 210,  CaF 209 (Hall)
3NaFAIF; 280, CaF 15,65 CaCl 3~4g; AlF 56,49;(Heroult)
MAZ CaF J3MIERERH o JLEMIGTIM 2042 Al O3
Al 03 7 241 4307
Alz Og Z&}m’f‘{iﬁ 2.8V, WALRIKREIRED > %M 6.5~7.5V, B
HWoPEREREM AF: ERERES 700°~900°, HiEHE K o 60~100
amp,/m? , BBETEEKEF] o BHES 7,000~8,000 amp,
51 1kg $5 2kg Als O3 g 4kg 2 Bauxite, 0 07kg ;2 Cryoli te
1.7kg 2 EHR ZKWH 28T |
45 =PF M IIEIE 2 SH— R > AV 2 RERA SRR R iR AR
TS B 0 SERELE > LB MRS 99.9% > Wik f LA (1)
Special 99_ 541k s (2) Nol g Grade A 9 1} (3) No 2 &
Grade B 98~%99 > i Aluminum Piy ZMRBIRR T o
% A FHCa Fe Si N Na zZm Al
British Al Co, 0.0265 6,1329 0.1557 0040 —— 0,006 99 5

British Al Co, 0.0463 0,1972 0.1356 0042 —— 0,008 99,571
British Al Co, 0.0800 0.4077 0,3910 0,006 —— 0 12 99,103
American Al Co, 00100 0,2500 0, 1300 99 610

Ameriean Al Go, —— 0,1000 01600 —— 0008 — 99.730
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R WRBRWIRDEEM (1923)
7 i:zl 2 ﬁ@%gfﬁffﬂﬂ R Ei’fﬂ (7‘@)
Alummum Co of Amenca ][ Plttsburg !' iéﬁ?;}’ﬁgéi :‘ 10],000
; . Ty 2 I
I.’Aluminium Francaise 1, l Z TR | If 17,000
Aluminium Industry A G | f f'}i: Bl 3y 17,000
Northern Aluminum Co, | g;l;g(?:o ‘Jl g ' 16,500 |
German Government i % [I 4 | 13,000 '
British Aluninium Co, g o | fﬁ:ﬁﬁ“;ﬁﬁ 12,000
L’Alumino Italiano ' Milan | AR 1,500
Aluminium Corporation Dolgarrg Wales i 1,000
K 179,000

el

Wi SEEmES (1924)

B R () | ER()
£ | 125000 | 4167
s | 40,000 | 133
2% 1 30,000 10,00
0 rﬁp 30,000 10.00
W T ;i 25,000 8.33
gk 5 18,000 6,00
YA+ ;; 14,000 e

B 10,000 3.33
ﬁ*jcﬂ 8.000 2 .67
3 st 300,000 . 100,00
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'i'ff b Pl Fa WML A al | cq Ak hi 2 HERE
p B i (%) = Pt Lmﬁﬁﬁi ’L}f'b\ﬁ

groc gr nmmz] cmsec’c

- 'I

2.7 658’0‘[1800%11 7~1 so 24 100} 35 | 0 0040& 0.5 ?_7;1

SHAE I R EF IR - B2 B RK - IR BoR A 2 Evea
i o fgiitE ( anulal )é 250°~~300° Rl RyJEhF ok o FrIMILIE
o —ER 300°C SiEEHt 200G BEZGHE B EEZRE o SR
FENFHYBREEE L PE o BEES TL KRB Mn, Zn, Cy, i,
Fe ZIiff o (AFE4ER Si Fe, Cu =% > WAL BREEGET5
H o SEE RN 2GR RS o 1% HBEG ISR LB o Mg
BRI K o

g — ©
37 ] .
3 I.i 36 -""'—"-e..._,__ -4
< -\4
\
35
3 99.% 995 993 939 8849 882 as

—= %Al
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B HE S T o
ﬁi‘aﬂJ R ek BT 1A S 55 73 sk W Eﬁ'
] J___ HE® g';;*g;'gf;%r ke | ke | ke
mm2 RIAZ % d\ mam? | m ™2

5 #) 9—12 3—4 1825 40~—55| 232 |7—8 |
LI 18—28 1624 35 | 6085 | 45—60 12—-18\ 7200 | 2700
et 7-11’ 58 30—-45' 80—95 ‘

MIHSEZ R o HEARELU 250°—300°C 23 BRE - B
MEIGZ Ay 5 EPERR » ¥ 580° DB IR KRR o —iSEH
REIR I BB A S RLELK > Wi R R o (UERIAE ZB AR 0 R
HE R AR o $iENEBLE o HREIERBZR AT 3 IER

thgimm’) IR A

B
X T—-
|
g
15
14
13-
12 b
]
11} - 2
10 T;' 3
— ‘—-—h-——-r———-.
gl - F '
|

100 200 380 400 508
'Y Yy

#ho Rohling K LISRIALLEN &IRIE 5 13558
P4 o B4R (3) ALMEARE 2B° REZ 0 BT
8 > ok IS RBIE R o KZ(2) i8N 100°
B S&BHOKPIF » JEEE300° M5 R
A o Bz LHREE ZMHERIEL 250°—300°C
BRIF30 FHIBE % o R EAR 100°0—
25° fff o
SRR IBIFET o BRBREARGERS
AR o ep Le Chatelier & martir {33
MIpZRRE > 300° Vgstishis X B8 o
400> RN EFERIEK o S TAh SiRME
100°% 150" MHBRAR e ERVESHAR

o]

MERZF LA RHRR RN o X
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g™ B IR R ML RKEm T
B o SR 425°—
450° 15, o 38 T RN £ o
2 > BAERIIR 8 i 2 R B
J10

£ 208 wil o J AR b
o F iy HIC §148 -V AIF
iR Ll AR U B
BEZ U St - SR
JEHE o Briauk M ST R

0 o0 mo aee  A00  saT eest
ko SR MG IMAREE o pot, A BHIFREGE o 428 BPETX
» WU TR HZHE e REUEAREZ > RIS pot Zadko A
i Al—Fe {44y > BAS 4 hard spot, f%e ARIZHIE pot HiE
s BRAb Bt o WSEMEE pot R B BEBIGUMEAH - X pot RiFkT
PR LR BRI R IT o X Fe R Al2 O3 Fe AWENT > RGHSI
0.2 28 » HZWHENRBERE - 4T o

1100° 800—900"° 550°—670°

15¢; 1,467 0.234
(R aud i A A I Alz O3 B dross B LB USRER 2 o 58
#o J5® 750° 850" ifiifiik Z o dross shiAFY 402 ZRFGM
& o B Kbl R0 RBCZ o BBIEM K I§PE dross Sk 44
ZER o ALz Oz 35855 > 20507800 nypbilE 3.85- {H Al %% 2.3,
I dross #F H o J§ KEBINGIER AL o WA 88 Bl RIX B q s
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o A{ilsh B Ha Bz o ik pbA (5% » B 0ERE R RS

SRk Ry v R G ( Flux ) > MIFEIREL (L » A Nacl, Kel B

Alz O3 5 SRIS FA(L P BT o |
AW RS
(A) BB

1899 4p B iRIB Y Smowcalmie HLTITEHE Y B FHEL SUET F 1i32
Uiz Sheatle o BEEAEE » EBIHRHHLIER o MEWPET
FIRG Ukt o (RANRHTE > 1907 4 RiGHa5 o WIS (5 AR I SR 1
o B { T3 RSN « 250 T M ST RS b AR 14 B SR80 O
BB LR o HABEZE (TESD LS+ 5Y ) REGHEEER
¥ o £ Aluminum Co, r William Hoopes I35 #0548 »
DA R R K NRIE B o 1913 4 Scuthern Califor ¥a
Edison Co, A} 387 .8 Km 2 60,000Kw 150,000 V RS2 o 3t
ﬁm%%ﬁ&mk/xk3%Euﬁ%ku&%%£m%ﬁﬂﬁo

Sz B » JULTR BEZY » REH B 25 » RETIE
%t Hard-drawn Wire [l 5% ARBMEREZ 97 Mk B 602 o

5

: 4 B 1 # ﬁ_-‘? ’ Eﬁﬁﬁﬁ IR "T&PEJ'J
(g sel H:E;( _m \( _cal )szflh{;’ﬁAI( kg )( kg )( kg ):
l

nmm? /i Cmsec ¢ l mas /\ araZ /\ mmz
.L.....__ . - et
rm 9 00l 58 , 895 0000017 12300 44 | 20
M@ 271 33 | 0.504 0.000024 7200 | 20 { 9
WSEREIER 891, mifliEE » 2.8, SRILFASCEREMR

TR 0 WAL SRS P > RSEZBIRINBMZ 1.6 F 1.7 {5 o iidk
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MENZE RS R - kiR kg ZOPRE ke 2GR » RIGREE
S EBHF o ZHCBRBTHEART o

B BHRHEGHE (1906—1913)

ER i WERE U kg 3:8) f SR (1 0p) i ERI(HE ke B3: )
i e
1907 2.3 4,68 4.00—4 95
1908 1.53  3.06 1.60—2.50
1909 1.50 f 3.00 1,55—1.85
1910 1.47 2,9 1.60—2.00
1911 1.43 2.86 1.30—1.55
1912 1.88 3.76 1.55—2.15
1913 1.77 ; 3.54  2.06—2.20

FRIDNERER 2SR 2 L 1:6 BRAF] o 7HE S » Fih—
MBBUD » 37 B 61 BB E P 7HEBELD o BIRTLT B 2518
(mi;gz ) BE2 AN (Allowable stress) 9 (mI::% ) o TR

Zoitis 125 () » a1 (52 o Mipsz AL 2

I RGBT o BARDMSMILRE -
35mm? g S0mm? #H 70mm’ & 95mm? f  120mm® £ 150mnaZ

70m  100m 125m 160 m 200 m 250 m
ST Z BN RANE - TE2AIS 165000 V - £ 8815 120000,

V o HiF k100,000 CUF Rk (i i @ SRR S5k o £ 100,000V
Lz B RNEEE o RIGE SRS R K - i Corroma loss /v > BB HH o
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A E T RIARTI SO - RO HI AR o RS
TRANRCR IR » B WAE 2 2 - R Z R — B o T2 hiise
» FHIBUTERSUEA S MRl o HURTER A JIERA RZRTA © SbARNE
AT I TSR35 ) » B 30 () o AL

T 30 (Br) o iz Durcdosin SA ARETHEL A > 14

mn - r
20 (ﬁ'n'.mz) o 44y Aldrey 2y Si(0.5—0.605)  Mg(0.490) i 550

. A k -
kR A N T 2 FdlidEE 1607 > Wi 37( g s 32 (?_n‘.rm)
sz Aludur 533 (Mg 0.4—1.02 Si0.7—2.0s) & Montegal Jf

RETNZPSRRE o RN« BIERIUSMEE o

N EEEA R [ TR A TERR W
o oy m ek Cley Cle
Aldrey 7' 32 ‘o 000023: 6500 <3238 | 27 6
Aludur 2. 7* 30—32 0 000025 6500 | 27—30 | 17—20 3.6
Montegal 2. 7} 31 10 000026 6500 i30—36 — —

SUABREE (Cable ) Iy > REHZ A REGGEA > HRKE
WK > TS EERE o KiRE ESRER » WAIERITEERES
B o ‘

kR R B 2 AR > RIS AR AR o JTSESCIR AR
o BEMEIS RLHE 2B LASYARICZ o Brown Boueri ZAgk 62 KW.
750 r.p.m, L EHEHE S HEIGH LSRR T o

i " §¢ &
1.00 0.968 1.507 1,618



L7 R AL T e e T e G

14 €L 2

B EZ AT IS4y armatuae, rotor, shovt Circuit Cage ;2554 o
HBHZ rotor, MRS » Bt Brush holcrer % » SRR S
Wk - JLHE o
(B) BRI AT

§B 2 BEJHAEDS ETRRER o BEHAKIE > TIRED » W ( Brass ) B
i ( Bromze ) S5 [ o Wl IR ERATZ FRES S » RO FH BB
PR B T B o M o MISRIRAS UL o« B RTAR
4> yhig ( Oilengine ) L7 » MIBHAR » RiTHE > FUH > B RELE
P ILBTERA - SMEREHE - UFRN%E > Wak » WS > 5
GRS > RBHIEE  RBRAR

SRR R AR 2 AR B o RIEFIR > BeUBR > LA R
FUEBY > A2 Panelling %35 5502 ] o i TRl 2 Eerme-
Intation Vats, yeast tamks %54-FEGRIR TS AT o

PR 0,002—0,0005 s HIRRLE > Bk 55 0 HWEEH - R
4N Conmdenser % o GREHHHL Thermit, WA > BEBHBR

Ammonal %5 o
MESR B 5—15 mm, R Condenser tube, Cooling coil, gaso

ine fud line om aircraft, manmdrils for hose and iumer tubes in
rubber work %% o
o-LE EEMAE
FEMIFHARAR  AR2ZKBAE Sand Casting, Mihfph die
casting Bl permaneat mold casting FRSHHAASCERSBITELE
Zo BRAGHEYNLES BN > B NRIYEMISHEE o £ B



HEBE MRS AL o MESSHIEMEBEAS - MiAMERE - £8
WEREN ML A8 > AR MRE R E A > BHE o5&
HA2ES Al-Cuy, Al-Zu, ALlSi, Al-Cu-Zn, Al-Cu-Si %% o R ILEIE
2433 HIBBEAR o B 92:8 2 Alcu S4BEYE - BASBH
JEBEAE =A% o BN Z B o iy Pistom, Imtake and exhaust
mani folds, cylinder head Covers, cylinader water outlet and imlet
elbow amd tee, coumecting rod, cylinder block, crank case, oil panm,
fam and fam pulley, Carbutetor, timing gear éover brackets 2545 o 8
HREEE EHEASRSER JERE 21bs LITFo

WH L 92:8 2 Al-Cu &2F55:%%4 4 Cast bodies tram sm--
ission cases, differemtial and worm gear housing, gear cdvers, radi-
ator header amd shells, wheel hub caps, magnet brackets, housing
for startiag, lighting and igmition out-fits, mumber plates, hondles
door sill bread frames;steps, control levers, %—g} o

Al—Cu &% HMZHIEREAR o HEH Al 2 271 ¥ Cu 8
% A2 2.88 (REEY)BEANEL o LYRIESHEW 0.02—0.0
3. NIRRT T5EEtERY 300° 2R AE » Cu BEMRE 0.4 By
» B Cu B bh o SR I 755E4E ( hardening ) Jt 550° & > ¥
F 52 M3 i&-ﬁ’@ I 4§50

ARG PEP BLEETRIR BGE o IRV B 300° SELEZPIN Ty o iRV
7 550° jtsHo Cu ¥ 0.4¢; LIWW&H—I -tk I ke 5507,
Wi X4 ( temper ) B 1607 % o RAEELERRIAE o

TE EARRER Cu fE 162, YT o Co 5§ 5o X1 AEH



® AN R T ok Cu 49 B
R - : HzaRHBET
. i ‘ 06
,{ ' k‘—— A #4¥} » 75 Duralm-
33 B BIRLVA
¢ ] ™ e RS Cu
./ln 33 \“ s e 3s
S AN A —— 799 B XBHB
r‘ a \ /32 %
‘p‘ ] - /" 0 0 A% Cu
30 \ ; Wi ] 28 'E .
N ANV 1,y ErEmEmNEA
2 - \<,(,_‘ = —Hw s A HKBEL
v - ~420
T % “'// \ 8 °
3 / \ te .
/ EHEHALYE
Py v . (%]
- %ya—"ﬁ;\ : B AlZs %M
b ' Al.Cu 845,
m{[ = m— _3 Cu #gﬁ 'H'
29 TET Y, 48 sL P AH Za ZHRLH
- 3¢l
SBERERKEH

Cu 82 Z Al-Cu 2508 No 12 428« XA T -

| i oo {
BERIAIE | 555 (o) (ﬂ% Emgz)'(ﬁ aal E)ﬁ WM
l :

|
i 1 cmsecc

sk H

2.852.9640°—5440 1. D) 16 0485 033 0.0000246

Il-‘lo(%Egﬂ)i;
: #Hj] _.E...g...- = ar ;' .
- L p— MEEzE(0s) | Brinell s
I -] 12—16 - 24 _63 T

68

eEMEy |, D18 | 3-5

Al-Cu 4SSN FRWME o & No 12 BR54 Cu 18y H



BRI piston $5i50H o

Al-Zn &% gEEP Kop 500° g2 40 Zn G6 SRZHEE
o Miigp EHSHm B ol Al 2 271 % Zn 2094 2 3.05.
BBREEWRE R RS 0,025—0.05, T¥ EFRGES Nals—
—— 2095 % o SmERE
AT 7(25) = Za 254

24 1 i,.__

225 (k) oMM

Ho MpRENME Al Z

P

X LI T A0, % 400 % za 200 32 5%

FUTTTINA ], weenmmmaas

- TN BRERYIE » T RN
TUDPTTTTING  an-wmecsmkns

T T e ez Ze
] z ; 6 8 10 12 14 G 8 20. . 30% f&*ﬁéﬁmloﬂi“#

—-—-l-xzn

\S—
—

6

ﬁ (02mm ) I¥Zn20y ZHE B

AlCu-Zn %% JLESERRENR o ZBAEEE &P 60 H
Bisg NO.12 242 » HiR 407 JAl-Cu—Zn—Eed £(87:2:10:1) i
H A WRE: ( vield poiat ) Jt 5 > LR BRI, - ¥ 2 EUEWIA
o Zn BER B Reb &S B Lm 20—257, 5 Cu 357 o1
g Za 154 LT > Cu2—8x% XBX o kY Zm 8129 > Cu 2—5
0 S %3 o BB BHY > MEKEEY o CutZnz=1y U LU o
448 Cu 2—5; > Za 8—129; ZREFRBERFRT o
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1

l EEG BEE o o
® & } it st oy e Ik
1

(o) (ﬁmmz)' Cal ) % B

m crasectc /|

" Lo 1.36 maﬂl) ] ) |
2 O — o . )
9—-2 5|$J530 ‘680 700 I 50( %Iﬁ’—f}j)l 0_518 0.315 0 .0000239

| 1 | e | |
B & fr % M IR Brinell
¢ ! ) k 'ﬁlﬁ$( /)l @rﬁ;

( kg/mm?) (kg,mm2 ) ( kg /mm2 )
GrGsy | 15—18 | 43 6—10 | 1-3 70
CRTEY 15-20 | — — 26 | ®

ALSI B JmmIR s BB RT3 » BT B A A
%) o fiL 1921 4 Alagar Pacz LI LABEMIZ fux feugh Al-
Si, Al o MG LIS BERY o SAMIHIYE 20( o5 )itk o Wi i 10
Wik o B ALSI & 2ZWMHMKE normal alloy, JEm#%E Modifi-
ed alloy J}f; modified alloy EB@®HA Alpax, %EEF Aladar, 58
[ Silmin, ABRSILZEEZ S GA MM > WIEERIES 2.6, &
Bt » Ak A » BT > IHEDURHL o kS ST 12,813 24575
Rtk o |

ALCu-Si 44 Silmin St Alpax $REERUH 7 S5 MIEEE o Wy
B I B > (AR 8} o BONESIEEGE o SR ST 13y W -
Cu 895 LIF > Whikh 81 3—5¢6 > Cu 357, Kiife o DIENELEL N
B » DAL 26 B S o Bk

Lautal: Cua 495 5 Si 2

I R ?E?ﬂ 5 by
EEa B | SuEmE M K s |
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Yoh) (ﬁ?ﬁ?‘) 12—20 | 1625 l 17—25 | 20—30
Wz (%) ; 4 4 <10 <10
) (H5,250,30). 55—60 | 6570 ‘ 66—80 } 90—110

Cu 4.59; » Si0,8y 5% ( Daniels and Warner )

Mo H B bih (GoE) | k() [Brinell g% (H 500)

R
25 % R ] 2_8: 1215 153 56—60
BIERE l—— 20—23 2—6.5 70—78
HIBPERE A W o

KS, Seewasser, & Mn 2,59, > Mg 2,255 > Sb 0.2¢; Z£& 2o bilf
RAEX o FRPHARAL

Alneon: Zn 22—795 > Gu 2—39; > Fe +-Si RILMIT) 855548 o &

% 0.5—14 __ I)&ﬁﬁfkﬁift

Neoalium: Cu 6—147; > Fe+Si Rinjisk 0.1—19 5 3
%ﬁ%ﬁ&:ﬁ=&#:ﬁiﬂﬂﬁ@*ﬁﬁ&Oﬁﬁ*mﬂ1m°BL
Z i

BRI HEA 2P REZB LR No.12 4@ (Cu 8y »
Al 9295) o XRBEEZ Al-Cu-Zn &% (Ca 2—5¢9 > Zr 8—129) o i
FRSRKH » SBIRIBN Fe 1o #0388 » KK Silmin 5 Alpax, &
W 132 o JEEEREE o XAKS A-CuSi 4% . Hljy Lautai ( Cu
475 2 Si 2¢2) iy o RAWHEEZ Alneon R Nloalium, KR 45
MG SIS REAR
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8 A B
RIS . : B e icafmall Y
@ AP (eglmm?y 1 0 w&E ) v

O s (hgfmaty Brincllag 8t W1

ermEngiio
& ¥

Piston iiE4 @  Gibson 34553 piston L ER =y Sy P g
a@A 69 > Iz Gass line % E#% Sy o HREIRESEBAE
RIS BE o 84 S piston 15f5 die-castimg, MIBEHESE R >
FLIZHR (R R IE S R B0 b o Wear EEATRTNS A A o R K
WHEAPRAE L R B o £HZ No 12 > %z &4 Cu 129 Z L8
&% EBE2& Cu 169 Z&& » Rikliz Cu 105 >Sn 35 > Nily
A&HB piston 5 &HE o iy Rosenhin 2 Y4 £ (Cﬁ 404 » Ni2g
Mg 1.5) EEGEHFAMERE 5SS &b > b Al dendrite sl 4g
L&Y > FERRIEEES A o B P Z Piston & 2K F o
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¥

a' :

iSuper piston alloy
Alusil

B

& mo|E X
WG Piston  |Cu 12—20
K.S, Piston Cu 16
Duralmin piston Cu 4,2

|

K S Piston alloy mn»m_ﬂ_mm 12, Cu 5

|

Si 18—22

Si 204 Cu 5

|

Elektron pisdton Vr— A-10 Si 23

£ o K B
(2) Rk
!
Ni0.3, Mg03 3.1
Mg 0,5, Mm 06 28

Mn 1,0,Nil_5,Mg0, 72 8

Mn 2 2.7
Cn 1 2.6
Mg 5838 1.8

7.3

Jl

3—3.2

Ca
cmsecc

T R ]

0.33—0,3615—20
,o.umic.mm 1045
0.33-0,3615—20
0.33—0.36, 15
0.33—0.36 14
0.32—0 .mm_mmf%
0.14 20

ﬂ

W o

) (e,

0.33-0,3615-20 10,5  90—120

_‘ 2
(%) | (H10/500 30)

|
0.5 110—-130

|
15-20. 110—125

0, mH 110130
0.5 110—130
1—2 80-90
4 65—70
0 180
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SBREARE

il &£ E B Duralmin, Jpa 27 Wilm £ 1903 F 1911
FLEBIRETE o 85 Diiremer Metallwerk AG, Tfijf 0o Wilm 2
W34S Cu 3.5—459 > Mg 1.5—1,09% > Mn 0,5—1 09 >Si 0,5%,
4 AL 2T ( Heat tseatment ) RNy (L @A Dural-
min, HFEFR Wilm KERHLES o Duralmin KA o 8550

( Ingot ) $REidEiR > nELEth MBI fU RS ST 3L A o

AL Z AL =Moo (INMYB Duralmin ZH4 Mg 5 Li
BBLERY 500° PHSK > OB RiRPPATE H i E skasifl > (1) gn—awal 255
Sk I 120°—150° i3 A Lagifk o (1) 4 Konstruktal 3piEA T

Rtk o
 &%R Duralmin FA@. X I, 11, II @ Ez=ifo
A 2 }Cu: Mg - Si
( Duralmis i4,2 05 04
I {I “E ~Alloy 25105 0.2
lLSkIercm 30| —— 04
{ Aleron 42| — [1.2
Alydur 533 | [0.4—-1.00.7—2
I1{ Aludur 570 2‘5"5’0,2_0_7?_0,7_.,.‘1
Aldrey .__ i.0_3—0,5:0.4——-0, 75 -
( Lautal 42 — |20 :
- Konstruktal 2 ‘1.2 1.0 0.5 1|
J[{ Komstruktal 8 | 2.0 l[ 0.4
L“Y" alloy !4 2 L5 i<0 35

l:____. O?i'e 0, 3

;2.0 Fe 0.2

6.0 ’

— 50_5 fFe 0.3
|

._.:"Fe 03

e 0.3

— Fe 0.3

5_05 Fe 0.3

_05|

8010Fe03

....._l !NI 2.0

Mn 1@3::3@@&&5}

Cu,Mg,Sl
Zn,Mg Si,Cu

1.0 ;Li 0,2 Fe 0,3Za,LiSi Cu
i

Cu,Si
Mg Si
Cu,MgSi
Mg, Si
Cu,Si

Ti 0 5Fe0, 3Cu,Mg,Si

?Ln,M aSi

i!Cu,Mg,Si
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mkjﬁz) > g4 10149 »

Brinell ¥ 54—60 M 3—69 L@z Al—Cu Sail o MR
WA OB TS HAEHENT 2 AR 0,296 C ZERKBARTER] © BT o

?ﬁﬁ$ ﬁﬁlﬂ%‘rﬂfb ERES
v R ke e Y R R
§2.7-3.0 5300~ 2027 3550 25-30 ’zo__zal 100140 | 1530 |

17500

¥63% Duralmin g Wilm > Simple duralmin, JEftiss Cu,
MgSi =jisko Si 4FHM > Cu & Mg HMAZ « Mn KB
H o &I Al 50 Cu 50 2 mother alloy JyA > Mna gy Al 75 Ma 25
- Mangan alu mininm A o Mg HEMAREE s » Duralmin
BEGRERETNT o SIMTIE 450°—480° B - RTFHEEA
die” WY o BINRISERK - RMEEITAY » JREBKL o
GEMTRRHKE 4-5 mo, HEE 8 mo, 2 LRI HEMT o KE
#BREE > ek I BCRSELS o FIRNT — BSite i 7B S LR T
SRR 5 24 AR B R EN T o AR RANREE » fE
AR IE Y — o MBI FIE S i —2 Muffle B o BATEIH
FoATER o AEE 1520 3 > K 45 FFE N o BRHEIED 500°
& 207 I o iy Pyrometer 2 o Wi (NP H KIBAEES
Huwfl ( Ageing ),

" |{§IEB¥. #ﬁm@k*;ﬁ
‘Hﬁ” mﬁ%‘iﬁi 1?;&( s )‘ <& )l (2) | (nmld

i
2 8650’[ 800° | 20--21 ’38—44 l7—~u21 |65(l]-—7400l 115——120

Brimell Eﬁg‘g!
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“E” Alloy gk Zinc Duraimin Eify Zm 2028 W Zeppelin 7
BEILBK R > F¥%3E Duralmin s 1542095 2 Zn, )

Cu 239 » Zn 15209 » Mg 0,25 0,59 > Mn 0,25—0,5%
KREEB “E"F"G", o

Cu [Zn| Mg | Ma Si | Fe

“g»| 252005 0.5 02 | 02

| :
“F* 12572005 |05 10,75 0.2

“G”12,5(18/0,35/0,35 080 | —

(S ) | () KE
“E” 300° ks f 10 20 3.1
100° mtsRsH i : 61.5 10 4 31
F BRI | 55.0 18 3.1
o mamge | o | ® (31

AR Zn MBI RS ER > BHZBARRTES NI T
g 300°—350" gEkEia)E 350°—450° 5

Sklerom £ Zm 1294 >Cu 3¢5 > Li 0,10; > Mnm 062 >Si 0.5
2% .Fe 049 > Z@® o k2 Zinc duralmin 3 Li {¢ Zn &Ko Zn
KRR RIEIB YT HRMI o $EFZTH 2907 H107 87— HIFREFZ
Eh ] o SREE R IR P 470°—480° #4245 F = /0¥ - IAMLEKp
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Balauces and Russian lamps

AERENETS ) BIREEHEABRE T EE2 SR et »
& BiA E IS E B ORER 5 — U REMS > FWERTRS it
% XESREEEHE » D255 c ATERE-ZB=H#
KRl o A A X LA BRI G - A RBELAE IS
BB Ed-



r i3 B 249

T BBER I e 2 3 i

FRYRBIRE S » BHBREFRY o TLDAK BB £
SRR BBLRR o B BHRIGZHR o 5 A DULEH 228
Al o RIS ARNZ 5B o AMEWEH o A RMBRZ R B L
© R UK ERBIEKIBERTHE D o

BREZRE APOKyEBRE RN o WM E o EZAEBAL
5 o BALRSHRERF o S HIZ AR RS —% o S MR G
v ERAUE FARIC S AR B o RHKIE o JUSRUKE o BKALH o &
Rk o AR BEANE o B AREETBLRE o pARBREEHE
o SEALH FA A o WIFE TSI o MIEHEEEY o % L5 TR
KR K H o BT S HHR o |

RIEZEHZRAN o GFIR o BAKTEIIHIR o B S MG
IR o AUB 2 b SRR W 5 (PD R F o A HHFHETR o
WRFIZEATR o BN T 2 Mk BAREE o d Rk B 2K TR o
RIKZAN o RIEHMZ FRERE « RA—BSHEPIBRERB AT
A SOTAERE £ E B o e (P) o A S o IR
Az Hk bR o

WHE LB T o G FER o B2 b8 =M COBAKE
o “F SR 9 A A S o S R (P A o

KEBER KR ZKEA LB o HAMeE W o H(P1)BAKY
o BOKPIV P 6 T o A PIVARIA A AR o 18KPIVE BRI




250 I B

AGIGHEPS o SEHAPIVIGA KM o KN 2005 8= BT o
TKH 3K P B HEEE A K © BRI EER AP o P2 b 2 b B AT
$5P3 o BIKIT VIR KB ARTKHG © b2 T A Ak o —38 J37UKG © —
M BERIE o BAVKIG o W HoRA S BRI S RIAT o S5 2K VT i 4 fikc
AT o SR H 2K S AR IL B KM o BRI A BT i
kit o FBSIIRZAK ALK o IERRERE o BOKTREARKIE o
SHRAT LI o TERIAOR o SRS E L AR o Feb 2ok o JAfhA D
Wk o FEMPTEETAM o B ERRIE o FUTZA o FEMX o Tk
W LI, o

FRZHA LR T o WIE AT o HPF LK S B o A
W2 LRI 2K U2 © TS 2 o FRAEAFIRIR o S I A AR o
T HORA S > 8RB Al o IR THOK ARIE o

FURHAT  DABLEE Sh A2 B o TR AR T 1 ki
BESUETZ 6% o (2)K:ZmBERNES Z IR o ( 3 )2 iR o (4) 5K
W2 o (5)KMEHZBE o (6 IRAEDIE Ak HIE - (7)
HEBRE DM ERKRZELE o (8)KEERIEFZHE(9)E F 5k
Pl ZB5E o (10) A5 5K Pl 20 © 11 ERRZIE o (12)
it EROKE 25 o (13, BRI 2ot o (10) B HREEZE o

HGZHY Mz HE R L) PR ERZ EARE(2 ) BEK Y
B T (3 ) NE E A 2 o DRSO 2 o (1)L
B o DMK Lz o



P

e

e A g+ P Lt -

ek e ws -

" —r

R
N

.

e —

3 | VIR # L
- “ - NG K n,m‘ s _“\\fl.n“uh.hh.ﬂvﬂ., -

<3
A

= /A

ki

~
- o
— e —— — — _ V*
.\\ \.\ .|.._\ \ qlﬁ-l .m

: R
e T R

i r
TTTFESSNNNY
. o f ./1

A nqln." e

N | lwesw = N

M.*_ R % FNJI.-_H-_ IS _ //M
LY R £ .

i e R

e

o

o s
|
%
TR
]{,’

N

D

rd

palyy
=
'
-
“

fé. ;

o

o

i~
#

L P e

s

> s
A
RV

j |
|

! | |
N

e

L
s

%
i r

==
wd

A

T —

T TR | SRR & S I § P i
' 1 TW_ % b JE

e M it e et e HAR S —
Am—- -lal__...(ll il 1} )
N
.
5

T R R T R U RN T S — T RN - :
PO TR T M,f/,/v.v.ﬂ/wy/uf AN e RN
AN

e, s T T T T N s
i

Ik
7z

|
i. E‘.
.
RS,
TR .

A

7.
E

Lo




53 tiﬂ 251

W E B SR i

AR CRARS G R S TR R E R EE R R R
(B SIS B R T R B SRR & R TR
Bk » TR R KT b R R RASE BT R S
i 111 T T R TR ST T A R S K DR 8 B ol
HE A A7 ST US4 A 2 ) — i~ TAR TGS A Kb — 52
ST R A R R T VR B R S 2 LA IR S
Fe A 2 5T B DR T 5 B 1 S AL 2
KB R 17 B | A FRE R R S O TR e S BL R M AL B T
S T 2 B S AP AR Ty B B B R RSl 2 = -
e g A T DR TR S A AR B SRR O AR A B Ty
A HE B R 1 S R 2 — YV A = T IR TR AR R
M R B AR R £ R AR TR ST L AR R A &
e ) 5 T YA S5 S LS A AT SR B R R TR IR B R

[T

=
H

AR TUHERKE



252

BRE B B | KR ERERNE ST 13 4 BRI 0K

s Ee SeeE | SEene TWBER

REH | | SRS | KEESSTRIE W E N

SEE | | SHNE | SgHNERY T

RS B S | SRRTERR KRR BEG DA

Mg | TN | R Ry SRR E S E b

ERY [KF SRER | WKEEXEEEE SREPEREKE

BRE %5 EYOE | qEeN00seRH B SHEL B

B RN BN | SEKE PR RS PG i

WM | | SHRE | REERRTHESDHMNN | Eralmyns

TEE | | BESR | GHRNHEE RSPEERSEH | fases v %

RE | | skt | dmsw SHEUE R R P

Ho9 e =i 8 = E|# < ® ® 4
T PERHKH R

HEMRE SR ER AR | B




253

I

e e e - e

EhE T8 LR 4 Mugme

ﬂ

wﬁaﬁ%

EK%E S SR8 RKEERRNSE _ CEEE LIS e

Imﬁngmﬁﬁm_ﬁtmwéﬁﬁ seemEEEHE

FRIN 25 WEEE  KERERTHEE KR REN

[Ty e S — e

B ~as%uA¢%@ﬁ | EEERE
TRKEFH K R

il || e | S EME N R e

B SHED | HEXTEBERINEHY HEGRDERNE

SEE B CERS | KERYSETTE WEARS

mEd e DENE | DERTEMRE | HERBEEK

R | g | BEERKTHRESDEREY | WERLE KR

HOE k| SRes | SeHREy | #EEDKEEG LN IRE

@ﬁﬂmﬁimm@mmmm@aﬁ TRES W RO

BEX B DEEE  KEHYXTHDE | EEnYE




Fi}
Jod

SREDE

K
'l

i

ar

1.

)
i
ML
i

i

L

SEE

5

£ | =8y

FI3A L

| B

1

FH

i

LSRR
= ) %) R
M| 42| R

g | Z L
i\ | AT | W
{r | MC ) &% 1 4k
5 IR B S

oy

Y|
I 5]

L,

[

A

Y JIU o

£+ ARTIBESBH |

i

L
i

155

SR EEEC I ERREM

BNE

Vi

o B

—t i Y | per |

RSh

W

| {C | T
| 8| A
MR
oI |
B W
W T
v/ S e 2 S
MR
iR
8

= §

B | 5
|| iL
2% | R | Al
A M
iy | A | A
| % | 1T
| & | F
I
WL

L

SHENE RS S b

Ja

R

RIS

"

i

e
R

4§




255

R [HR] Ry | Eres sy B ER
ik & _iﬁ HIEHE | SECEERS R BB
TLEERE g
£ R amme | $ESY mERER
< RS W
Hmnaﬁ%ﬁ_mﬂﬁﬁﬁﬁﬁi _ﬁﬂﬁmﬁxﬁﬁﬁz
BEH | | DRy | EsEReRRRE i EEBE
B OB 2R DeEm | Sotanm | EmEgETRER
R EY SR | RRaEEED | #& 2
B uniE| HEKY | RHEXREH EELTBLTH
BEE (ER S8R | LR R T KRN H vy
TR B T
B8 B@ CENE | SHREE TeEmmen e+
HIRG s | SuvEE RS ERRNEE




256

_ nfl 8 86 S 48

B D | esw
SR hol wlles | RERRE GsgED
W (A S | K | S
[T R SES T TR (R S
25 Y 2EHR | sEedR AEE LR
< g S B |
B B SHER | RESN<IMRE | ¥R NE
HRK BB SHEHE | SEwEE | e e R %
wEE 1= E % @R | EEMESREN
| B BN e | e MR R s
MR RS QLR | SEYNE | o
R HiE| Hewa | HEE% | EEs
BEE |9 HSRT | SEONE | RN KR WE




3 Bil | 257

RIS

— SRR S R Z R R R el A AR B
WM ER R

— T R AR S 0 RRAR VR T PR A MR PO ST
AERHEEAES

it R
Hok#: WES BERGS WM REUR
HEH g HEwW
BA SRR SReRER
£TH FRHE TWE
REER  Fhee



¥ O O®E B & FE
a | A #® E
21 6. N
1522 o K N
16| 6{13 7 |
41 | 20 | Bruntos's Brunton’s (1
74 | 3| Blot Plot ‘
92 s wt sin Wt
92 | 10 | sin (Wt+§) sim (Wt §)
93 | 14-f sim wt sin (ot
93 | 15 | sin (Wt+ § ) sim (wt+§)
103-_‘-_ 9| EE; EG
103 | 18 | B R
08 4| 1)
110 | 11 | Methor Method.
ns| 2 JRH Wi
115]18| 6= Qi
Iy dx
116} 8| B A BB |
116 (12 | . 2=(§1 ~ &2 )simB cooB|Zz =(§1 —§2 )sinfcosp
118 1| sin 2B sin 25
121{15)y2 72
131} 2 ®&8 Hipn
133 | 15 | auto claw autociav
134 4| & &8
135 | 17 | Piy pig
136 | 16 | Dolgarrg Dolgarr
157 | 4| Fx10 27 x 106
137 } 6 | annmlal, ammeal
137 | 7]|20°G 2006
137 7 & i
137 | 8| Rékiw A ity
137 | 9| Kiide N T




139 | 7
139 10
i 1910
S 139 14
139 | 16
139 | 18
140 1
142, 14
13! 5
143 18
e 2
144 12
144 | 18
148 . 1
143 | 7
148 | 14
149 | 20
150 | 4
152 | 3
152 9
153 | 4
153 | 15
153 ; 19
i5%6 | 3
156 | 12
156 | 18
156 | 18
i58| 5
165] 6
175 | 12
176 | 22
1':)01 8

#i
AR
O |
Rl
250
raartic
B8
F4

Dur X hnin
Boueri
holeres

Ee-melatatisn

. fad

hihi
Alagar -
%
Nioaliuma
{73
Diirener
=~ gutal
Shorc
HE
LT
s
R4
#K
2L
A2y
Comprength
K
LR

Neatdemeat

B

iy
23,7
Martin
iR

A
Duvinain
Boveri
holder
Fermcemtation
fecd
Aladar
S
Nesalinm
£3

Diir e rer
Lautal
Shore
BRE -
B AL
LE30
K

aR{t
2w
Compressive
K
PRIy

Neat cement,




T LB m— T

M GRE A LR — B K

f";ﬁ@a % | BIoP kKB LS

B AT K| BEEPRKSL SR

] Rl % WO K AR 2

Iﬁa‘fﬁﬁﬁ}ﬁﬁpﬂﬁ




